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Reports 


Levels of [ron-55 in Humans, Animals, and Food, 1964-1967’ 


H. E. Palmer*, J. C. Langford’, C. E. Jenkins*, T. M. Beasley*, and J. M. Aase’ 


Iron-55 levels in the foods of humans have been decreasing since 
1964 with the exception of caribou obtained from Arctic areas, which 


showed peak levels in 1965. 


The levels of iron—55 in humans at 


Richland, Wash., increased until about January 1967, and then began to 
decrease. This peak level in humans occurred about 4 years after the 
1962 nuclear test series. This lag time of 4 years is much longer than 
that for cesium-137 in humans where peak levels occurred 1% years 


after the nuclear tests stopped. 


The relatively high abundance of the activa- 
tion product iron—55 in the fallout from the 
1961-1962 nuclear tests resulted in a deposition 
of this isotope on the earth’s surface which at 
one time was comparable to or slightly higher 
than the strontium-90 and cesium—137 levels 
(1). However, the relative amount of iron—55 
in the environment has decreased much more 
rapidly than strontium—90 and cesium-—137 be- 
cause of its shorter half-life of 2.4 years. 

Because of the high uptake of fallout iron- 
55 in the food chains leading to humans, it can 
be measured in people all over the world (2, 3, 
4). Although the energy of the radiation emitted 
as a result of the disintegration of an atom of 
iron—55 is small, it is of interest because most 
of the radiation dose is absorbed by the red 
blood cells of the body (5). 

The two main routes of iron—55 to humans 
are the terrestrial food chain of plant to animal 
to man and the marine food chain from sea 
water through the lower trophic levels to fish 
to man. The purpose of this paper is to discuss 
the levels of iron—55 in the components of these 
food chains, and the changes in these levels 
during the past few years, and to compare the 


* This paper is based on work performed under United 
ipeaee oe Energy Commission Contract AT (45- 

* Pacific Northwest Laboratory, operated by Battelle 
Memorial Institute for the Atomic Energy Commission, 
Richland, Wash. 

* Arctic Health Research Center, Anchorage, Alaska. 
Present address: University of Washington Medical 
School, Seattle, Wash. 
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rate of uptake by man of this isotope with that 
of cesium—137. 


Iron--55 in the marine environment 


A preliminary survey of iron—55 in the most 
common foods consumed by people showed that 
ocean fish contain a higher concentration of 
iron—55 than do many other foods (3). Salmon 
and tuna were among the fish having the high- 
est concentrations. For both of these fish the 
concentrations increased in the more northern 
latitudes. This change in concentration with 
latitude has been observed for the past 4 years 
and table 1 lists the levels in salmon at various 
locations. The highest concentrations observed 


in salmon were from those caught at Kotzebue, 
Alaska. 


Table 1. Levels of iron-55 in salmon caught at various 
locations from 1965 to 1967 





Average 
(nCi iron-55/kg of wet muscle) 
Sampling location 





1965 1966 1967 





Northeast Alaskan coast * (2)50 (44)19 
Southern Alaskan coast (4)33 (14)25 
Washington State coast (2) 9.0 (6) .91 


(10)5.0 
(17)5.6 
(10)1.5 











* Numbers in parentheses are the number of salmon included in the 
average. 


The data in table 1 are averages of several 
species and include silver, sockeye, chinook, and 
chum salmon. Our studies do not yet show any 
definite differences in iron—55 content in any 
particular species. The decrease of iron—55 in 
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the salmon with time is about the same or 
slightly more rapid than the decrease in the 
fallout rate, as measured from air and rain con- 
centration, both in the United States and 
Alaska. This suggests that the iron—55 deposited 
in the ocean may be rapidly taken up by the 
biomass and becomes relatively unavailable for 
further recycling into the salmon. 

Other recent studies (6) confirm our results 
of yearly decreases in salmon levels since 1964 
and the increased concentration at northern 
latitudes. The reason for the relatively high 
iron—55 levels in salmon is not entirely clear 
and the route of intake has not been well estab- 
lished. Recent studies at our laboratory have 
shown that the iron—55 specific activity in sal- 
mon (Ci of iron—55/g stable iron) is 1,000 to 
10,000 times greater than in the particulate 
fraction of sea water. Iron is present in sea 
water in about half particulate and half soluble 
form (7). This sea water was filtered through 
a 0.3 micron pore size membrane filter at a 
point 15 miles off the northern California 
coast away from any major river influence 
where the salinity and the stable iron con- 
tent were normal. This suggests again that 
the iron—55 from fallout is in a form which is 
more readily available for uptake in the marine 
food web than the stable particulate iron in the 
ocean. 


Tron—55 in humans 


It has been shown that whole population 
groups including the Japanese, the Scandina- 
vians and the Southeast Alaskan Eskimos, who 
eat large quantities of ocean fish, have far 
higher iron—55 body burdens than the average 
for other people in the world (3, 4). It has also 
been observed that females of these population 
groups have higher burdens than the males and 
that the specific activity of iron—55 remains 
constant on transfer from mother to fetus. 
The nature of this transfer of iron—55 from 
mother to fetus was characterized in a study 
during 1967 of 50 mother-fetus pairs from an 
area surrounding Dillingham, Alaska (results 
to be published elsewhere). The specific ac- 
tivity of the mother’s blood was essentially 
the same as that in the baby’s cord blood 
at birth except in 2 or 3 cases. The average 
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specific activity for all the mothers and 
all the newborn babies was approximately 0.10 
nCi/mg when decay was corrected to January 
1967. Assuming a total iron content of 4,000 
mg, the average body burden was 400 nCi for 
the adult females in that area during January 
1967, as compared with an average body burden 
of 700 nCi measured in a similar group of fish- 
eating female natives from the Bethel Alaska 
area in early 1966.* 


Iron—55 in the terrestrial environment 


The main source of iron—55 in the diets of 
most of the people of the world is from meats 
and grains. The decrease of iron—55 with time, 
resulting from the plant to animal to man food 
chain is shown in table 2 where the levels of 


Table 2. Total body iron-55 contents in 1,000 Ibs. steers 
raised near Richland, Wash., 1964-1966 


Number of steers 





. Average body 
Sampling date 








* Body burden determined from blood samples by assuming 60 percent 
of iron is in the blood. 


iron—55 in the blood of cattle near Richland, 
Wash., are listed for the years 1964-1966. This 
decrease with time in the iron—55 content of 
cattle is slightly less than the decrease in fallout 
rate. This relationship is probably due to the 
fact that grass and other cattle feeds collect 
most of their iron—55 directly from the atmos- 


phere. The iron—55 which reaches the soil 
undergoes tremendous dilution by stable iron 
in the soil, and only a small fraction is absorbed 
by the plants. An exception to this type of 
relationship is the food chain of lichen to 
caribou to man where the lichen does not die 
off each year but collects and holds a large 
fraction of the fallout for a period of years and 
provides a more concentrated source of iron— 
55 to the caribou. For this reason, the caribou 
blood levels increased for a period of years and 
then decreased as the radioactive decay ex- 
ceeded the deposition of iron—55 on the lichen 
from fallout (table 3). 


4 Considering the 2.4-year half-life of iron—55, this 
reduction is close to the value based on physical decay. 
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Table 3. Total body iron-55 * in caribou from Anaktuvuk 
Pass, Alaska, 1964-1967 





Average body 
urden 
(nCi) 


Sampling date Number of caribou 


November 1964 
February 1965. - - ---- 
GT MED ntnconcenesens 


January 1967 
March 1968 








* Body burden determined from blood concentration by assuming 60 
percent of iron is in the blood. 


Iron—55 in foods and humans 


The decrease in iron—55 levels in common 
foods purchased at local Richland, Wash. stores 
between December 1964 and April 1967 are 
shown in table 4. This time interval is 2.4 
years which is the same as the half-life of 
iron—55 and, therefore, the 1967 results can be 
multiplied by a factor of 2 to correct for the 
radioactive decay since 1964. If this is done the 
overall average for the foods measured in this 
study for 1967 would be about the same as 
the overall average in foods for 1964. This 
result does not agree with those obtained in the 
cattle (table 2) and salmon (table 1) where the 
concentrations are significantly lower in 1967 
even after a decay correction is made. One 
possible explanation for the similarity between 
the results for the 1964 grain product samples 
and the 1967 samples is that the earlier samples 
may have been from stored grain which had 


been harvested prior to the 1962-1963 peak 
fallout levels. Another possible explanation for 
the similarity is that the geographical source of 
the raw materials differed in 1964 from 1967. 
The body burdens of iron—55 in people in 
Richland, Wash., have been determined for the 
past 4 years by measuring the levels in blood 
samples taken at hospitals and Red Cross blood 
drawings. The blood left in the plastic tubing 
after the blood samples are taken in blood 
donations is sufficient for measuring iron—55 
if these are collected and combined for at least 
25 people. The body burdens in Richland adults 
at various times are listed in table 5. The four 
people in the first two samplings were the same 
people and it is obvious that their average body 
burdens of iron—55 were lower than the average 
for 100 men obtained a few months later. The 
results do demonstrate an increasing body bur- 
den until the July 1967 sample which showed 
that the levels had started to decrease. The 
similarity of the Richland female and male body 
burdens is.typical of results obtained from blood 
bank samples. Previous sampling of non-blood 
bank male and female blood indicates that iron— 
55 levels measured in females may be two times 
higher than males of the same population (2). 
These differences indicate that the iron up- 
take and turnover in women is significantly 
greater than in men. Consequently, the iron—55 
activity in females after the initial environ- 


Table 4. Comparison of iron-55 in various foods purchased at Richland, Wash., in 


1964 


1964 and 1967 





1967 





Stable iron Iron-55 


(mg/kg) (nCi/kg) 

















Specific activity Stable iron Tron-55 Specific activity 





(nCi/mg) (mg/kg) (nCi/kg) (nCi/mg) 
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mental exposure would reach a maximum ear- 
lier than males and then rapidly decline to levels 
below the male population. Women who have 
the highest iron uptake are usually those who 
are more anemic and these women are not 
allowed to donate at blood banks. Therefore, 
blood bank samples do not represent the aver- 
age iron—55 levels in women, and it is also 
possible that regular male blood donors do not 
represent the normal population since their 
regular blood loss through donation will in- 
crease their rate of iron turnover. 

The body burdens in the male Eskimos on 
caribou diets at Anaktuvuk Pass, Alaska, in- 
creased during 1965; body burdens of 61 nCi 
were observed in January and 81 nCi in Novem- 
ber. Samples at later dates have not been ob- 
tained, but the levels in the caribou which they 
eat and the long biological half-life in the body 
suggests that the levels in these Eskimos have 
continued to increase until recently. 

Although the major nuclear testing by the 
United States and U.S.S.R. was stopped in 
1962, the levels in humans in Richland, Wash., 
did not reach peak values until the latter part 
of 1966 or early 1967. This 4-year lag is prob- 
ably caused by (1) the time for the fallout to 
reach the earth’s surface and transfer through 
the food chain, and (2) the long biological half- 
life in humans which allows the levels in 
humans when not near the equilibrium level, 
to continue to increase for a period of time 
after the levels in the food have begun to de- 
crease. This lag time is about 214 years longer 
than that for cesium-137 in humans in Rich- 
land, Wash., where the peak levels were reached 
during mid 1964. This is reasonable when the 
shorter biological half-life of cesium-137 in 
humans and in the various components of the 
food chain is considered. If the iron—55 levels 





Table 5. Total body iron-55 in adults in Richland, Wash. 


Male Female 





Number of 
_individuals Number of body 
in com posite samples burden 

samples Ci (nCi) 


Average Average 
Sampling date 





November 1964 
October 1965 
January 1966 

March 1966 
December 1966___-__- 
July 1967 
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are corrected for radioactive decay, the lag time 
for the peak levels in humans after injection of 
iron—55 in the atmosphere would be somewhat 
longer than that shown by the actual levels. 


Summary 


Iron—55 levels in fallout and most foods have 
been decreasing since 1964. The relative de- 
crease in some of these components of the 
human food chain and fallout is shown in figure 
1. The levels in humans have been increasing 
until recently when they showed a decreasing 
trend. 


100 





55 re Cattle at Richiand, Wash 


55h in Rain Samples from Seattle, Wash 
( » 


Relative Content 


55 Fe in Rain Samples from Westwood, N. J 
(See Ref. 1) 
in Salmon from Northwestern Alaska 
(Ste in Salmon from Washington Coast 
|55 py in Bristol Bay, Alaska Salmon Measured by Jennings 
¢ Ref. 6) 











Figure 1. A comparison of the relative decrease of 
iron-55 in fallout, salmon, and cattle 
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Cesium—137 Levels in Florida Beef—Variations With Feeding Program’ 


C. E. Roessler, B. G. Dunavant, H. A. Bevis, and G. S. Roessler* 


Levels of cesium-137 in low quality lean beef samples, collected 
in the vicinity of Gainesville, Fla., in the spring of 1967, averaged 4,000 


pCi/kg and ranged from 290 to 12,500 


Ci/kg. The average and maxi- 


mum levels in these samples from eight grass-fed animals were con- 
siderably higher than those in samples from 26 grain-fed animals from 
five peninsular Florida feedlots. The levels in the grass-fed animals 
suggest very high levels of cesium-137 intake by the animals, an ex- 
tremely high feed-to-meat transfer, or both. For persons whose meat 
consumption is represented by the grass-fed animals examined in this 
study, it can be expected that meat exceeds all other commodities as the 


source of cesium-137 intake. 


This paper reports observations of the effect 
of feeding program and associated meat quality 
on the levels of environmentally accumulated 
cesium-137 in Florida beef sampled during 
1967 (figure 1). 

From examination of reported data, it ap- 
pears that cesium—137 levels in Florida milk 
have a consistent geographic pattern (1).° This 
impression can be confirmed by statistical test- 
ing and similar patterns can be found in feedlot 
beef.* Levels in these two media in peninsular 
Florida (the general area encompassing the 
northeastern, central, and southern parts of 
the State) were higher than in the western 
part of the State and were higher than reported 
or anticipated average levels in comparable 
media from the conterminous United States. 

Porter has reported that cesium—137 levels 
in milk from the Tampa, Fla. milkshed have 
considerable farm-to-farm variation (2); in 
other studies, this variation has been found 
throughout the State.° These variations have 


*This work was supported in part by U.S. Public 
Health Service Grants No. 5-T1RH3-07 (67) and No. 
3-T1RH30-04S1 (66). 

Dr. C. E. Roessler is assistant professor of Radia- 
tion Biophysics (Department of Radiology); Dr. Duna- 
vant is director and professor of Nuclear Sciences; Dr. 
Bevis is associate professor of Environmental Engi- 
neering; and Mrs. Roessler is instructor in Nuclear 
Sciences, University of Florida, Gainesville, Fla. 32061. 

"<<. Roessler, E. G. Williams, and E. D. Nettles, 
University of Florida and Florida State Board of 
Health, submitted for publication. 

*C. E. Roessler, B. G. Dunavant, and H. A. Bevis, 
to be published in Health Physics. 

s Work performed at Florida State Board of Health 
and at the University of Florida. 
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been attributed to variations in levels of cesium— 
137 intake by the animals, and locally grown 
forages have been identified as major contri- 
butors to the elevated intake of this nuclide. 

During a study of geographic variations in 
feedlot beef,‘ some examples were collected also 
from lower grade carcasses of animals whose 
feed included various amounts of grass. This 
provided an opportunity to determine whether 
feed source has the same effect on cesium—137 
levels in Florida beef as it apparently has on 
levels in milk. 


Methods 


During the spring of 1967, samples from 
eight locally fed animals were obtained from a 
commercial packing plant in the Gainesville, 








ae . 
Gainesville 


Brooksville 
@ Experiment Station Feed Lots 


& Packing Plant 


Belle Glade 


o~ 


Figure 1. Florida beef sampling locations 





Fla. vicinity. This meat was of a lower quality 
than meat usually sold as retail cuts and was 
intended for ground beef and meat products 
(frankfurters, bologna, etc.). Four of these 
samples were collected in April and were identi- 
fied only as “two had some grain, two fed pri- 
marily grass.” In May, the four additional 
samples were collected from the same packing 
plant along with available identifying informa- 
tion. All of these latter animals were cows of 
various breeds, the meats were low grades, and 
two samples were specifically identified as from 
grass-fed animals while two were from animals 
that had some grain. The packing plant 
samples were collected in the cutting room 
from animals selected by plant personnel and 
when picked up in the shipping department 
were not identified as to portion of animal. The 
assumption was made that the cesium—137 
content of any lean portion sampled was repre- 
sentative of consumed lean tissues of that 
animal and could be compared with results from 
analysis of different portions of other animals. 

‘Samples were also collected during January 
through June 1967, from 26 carcasses graded 
USDA Good or USDA Choice from animals fed 


at Florida Agricultural Experiment Station 
feedlots at the five locations shown in figure 1.* 
Two of these latter animals were from a feedlot 
in the Gainesville vicinity. The other animals 
were from sites scattered throughout penisular 
Florida. (See part C of table 1). These 
samples were obtained through the Univer- 
sity of Florida Meat Laboratory; the carcasses 
were sampled by collections of the portion 
associated with the 13th rib (3 to 4 inches of 
a short loin). 

Samples were prepared for analysis by bon- 
ing, trimming the excess fat, and grinding the 
trimmed lean portion. 

Analyses for cesium—137 and potassium—40 
were performed by gamma-scintillation spec- 
trometry followed by quantitiative evaluation 
of the gamma-ray spectra using the method of 
simultaneous equations. Cesium-137 concen- 
trations were reported as picocuries per kilo- 
gram (pCi/kg) and as picocuries per gram of 
potassium (pCi/g K). 

Results 

As shown in part A of table 1, the first 
four packing plant samples (Nos. 36-39) had 
cesium—137 contents ranging from 290 to 12,500 


Table 1. Variation of cesium-137 content of lean Florida beef as influenced by feeding 
program and grade of meat 





Sample 


Animal description Feed 
number 


Meat grade 


Cesium-137 
potassium 
(pCi/g) 


Cesium-137 
(pCi/kg) 


Potassium 
(g/kg) 





A. Samples from local packing plant buying only local animals (trimmed from unidentified portions) > 





Collected April 26, 1967 





4 animals identified only as ‘‘two had 
some grain, two fed primarily on grass”’ 


Collected May 10, 1967 


HHHEH 





Hereford cow 
Hereford cow 
Jersey-cross cow 
Brahma cow 


Some grain 
Some grain Cutter 
Grass-fed Not specified 
Grass-fed Canner 


Utility 


Average of 8 animals 


nge 


B. Samples from University of Florida Beef Research Unit (trimmed from short loin) 





Collected January 7, 1967 





7 Steer 


Dry lot: corn, and Good 
8 Steer 


Citrus pulp Good 


Average of 2 animals 


C. Samples of feed-lot animals from five peninsula Florida stations (trimmed from short loin) 








Collected January-June 1967 





Steers and heifers Dry lot 


Range 


Good and choice 
Average of 26 animals 240 3.58 


‘ 66.1 
109 — 539 3.09 — 4.22 30.4 — 133.6 











* Confidence intervals represent the two-standard deviation counting error only and do not include other sources of variance. 
> Comments concerning feed of these animals were supplied by packing plant. They are probably based on condition of animals and appearance of meat. 


392 


Radiological Health Data and Reports 





pCi/kg (90 to 3,710 pCi/g K). These four 
samples from the same general geographic 
locality had a wider range of cesium—137 levels 
than all the statewide beef samples analyzed 
previously in this laboratory. Type and source 
of feed seemed to be the most likely explanation 
for the degree of variation, and it was sus- 
pected at this point that the highest cesium- 
137 levels were from the animals whose diets 
were composed primarily of grass. In order to 
verify that such a wide variation in results was 
not a rare chance occurrence, the four additional 
samples (Nos. 50-53), also listed in part A of 
table 1, were collected from the same source. 
It can be seen that the range of results was very 
similar to the previous four samples. Among 
these samples, the animals identified as totally 
grass-fed did indeed have the highest cesium— 
137 levels. 

By contrast, it can be seen from part B of the 
table that the two feedlot samples from the 
same vicinity (Nos. 7 and 8) had cesium-137 
levels of 200 and 140 pCi/kg (54 and 43 
pCi/g K), respectively. The range of results 
from the lower quality samples also contrasts 
sharply with the combined results from the 
entire 26 samples from feedlot animals as pre- 
sented in part C of table 1. These samples had 
an average cesium-137 concentration of only 
240 pCi/kg, and the values ranged from 110 to 
540 pCi/kg. 


Discussion of results 


There is a pronounced difference between 
cesium-137 levels in USDA Good and USDA 
Choice meat from feedlot animals and the levels 
in lower quality meat from animals identified as 
having been fed on various amounts of grass. 
Although the magnitude of difference is much 
greater, the direction of difference is similar to 
that observed by Ward and Johnson in 1963 
(3). They found that levels in meat from dairy 
cows and calves on pasture or hay were about 
three times as high as those in meat from dairy 
cows on hay and grain and in meat from feedlot 
animals. 

In a given animal species, the levels of en- 
vironmentally acquired radionuclides are in- 
fluenced primarily by the dietary intake of these 
radionuclides. Among the cattle feeds, forages 
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have been reported to have cesium—137 concen- 
trations that are about an order of magnitude 
higher than those in grain and other feeds (3). 
This has been observed in the Tampa milkshed 
(2) and in other parts of the State.° Hay and 
forage should then be the primary sources of 
cesium-137 for animals whose diets include 
significant amounts of these feeds. A reasonable 
upper limit for Florida grasses might be taken 
from the work of Porter et al. (2), who re- 
ported Tampa pangola grass ranging from 
3,700 to 9,600 pCi/kg (dry weight) in 1963- 
1964. 

Ward and Johnson also attributed differences 
in meat concentrations to differences in the 
transfer coefficient® from diet to meat for this 
nuclide (3). Although unable to separate com- 
pletely the influence of age, diet composition, 
and type of animal, they reported transfer co- 
efficients from diet to meat that were higher 
for beef animals in the feedlot (0.03) than for 
dairy cows (less than 0.01) and were highest 
for younger animals (0.04 to 0.1 for 6-month- 
old calves on pasture). 

Either the feed concentration, the transfer 
from feed to meat, or both, must have been ex- 
tremely high in the case of several of the ani- 
mals sampled in this study. The highest radio- 
nuclide concentrations observed in meat (on 
the order of 10,000 pCi/kg) can be predicted 
for an equilibrium situation by using an ex- 
treme cesium-137 concentration in grass of 
10,000 pCi/kg and an extreme transfer co- 
efficient of 0.1 and by assuming an intake of 
10 kg (dry weight) of grass per day. 

Possible sources of high intake, over and 
above that due to the grass levels quoted, may 
have been poor pastures where the animals 
were forced to browse on close-growing plants 
or plant portions in the litter. Cesium-—137 
levels have been reported to be much higher in 
the root mat than in the grass in Midwest grass- 
' 1d; the findings of levels of this nuclide 3 to 
50 times higher in caribou than in moose in 
the same areas of Alaska and Canada have 
been attributed to the greater utilization of 
lichen and possible plant litter in the caribou 
diet (4,5). Higher than expected intakes might 


*Transfer coefficient = radioactivity concentration 
per kilogram of meat/daily intake of radioactivity. 
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also result where animals have access to the 
epiphyte, Spanish moss (Tillandsia usneoides) . 
Investigators in this laboratory and Porter et al. 
(2) have found the cesium—137 levels in this 
medium to be among the highest in the Florida 
environment. 

The levels of cesium—137 in grass-fed Florida 
beef were compared with reported concentra- 
tions in meat from various selected situations 
as summarized in table 2. The average of the 
eight samples from grass-fed animals, 4,000 
pCi/kg, is an order of magnitude higher than 
the average reported by Ward and Johnson (3) 
for pasture animals in 1963 at Fort Collins 
Colo., and the highest value found is about 36 
times their highest reported value. These ex- 
treme values are comparable to what has been 
reported for cattle in Norway and approach 
those reported for reindeer and caribou in the 
Arctic (5-10). The higher values are also com- 
parable to the average level reported by 
Plummer for cesium—137 in Georgia deer brows- 
ing in the wild (11). 


It has been estimated that meat and milk 
contribute about equally as the principal sources 
of cesium-137 intake for persons who drink 
Florida milk and whose total meat consumption 
contains the average levels of cesium—137 found 
in meat from feedlot beef in peninsular Florida.® 
The data reported here indicate that if the 
majority of meat consumed had cesium-137 
levels equal to the average observed in the low- 
quality samples analyzed in this study (about 
4,000 pCi/kg), this commodity would greatly 
exceed all other food categories as the source 
of cesium—137 intake. 

In conclusion, levels of cesium—137 in beef 
from grass-fed animals in Florida appear to be 
much higher than those in grain-fed animals. 
Since the former usually produce lower-grade 
carcasses, intake of this nuclide by humans will 
vary inversely with the quality of beef con- 
sumed. Therefore, one would expect body bur- 
dens in humans to be inversely related to the 
economic status of the family, a relationship 
suggested previously by Ward and Johnson (3). 


Table 2. Some recently reported cesium-137 levels in various meats 








Reference 
number 


Investigator Meat-description 


‘ pCi/kg 
Location Date 








Lean beef (Cutter, canner, 


North Central 
Florida 


Florida-Statewide 
“Peninsular” Florida 
Ft. Collins, Col. 1963 


utility grades; grass-fed) Jan-June 1967 
Lean beef (Good and choice; 
feedlot) 


Feedlot beef 

Dairy cows on hay and grain 
Dairy cows, calves on pasture 
Meat 3 U. 8. Cities 1965 
Meat (home produced and 

imported) United Kingdom 

Beef Southwest Norway 
Southeast Norway 
North Norway 
Beef Norway 1965 


Reindeer 
Reindeer meat Finnish Lapland Winter 1960 
Winter 1961 


1965 
Late fall, 1964 


1961 

December 1963 
April 1966 
March-May 1967 


1964-1965 
1966 
January 1967 


April 1967 
July 1967 


Alaska 
Alaska 


Caribou meat 
Reindeer meat 
Caribou meat 
Reindeer meat 
Reindeer 


Norway 
White-tailed deer in the wild i 
Beef 


Georgia 
Chicago 


























* N =number of samples, where reported. 
> x =average content. 

¢ R=range of reported values. 

4 To be published in Health Physics. 
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Technical Notes 


Thermoluminescent Radiation Dosimetry Applied to Dental X-Ray Exposures 
John R. Howley, Charles Robbins and Mardalee B. Dickinson’ 


For a little more than a decade, dentists in 
hospitals and clinics have been developing a 
panoramic radiographic technique which pro- 
duces a full-mouth radiograph on a single strip 
of film (figure 1). An excellent summary of 
this technique is given by Updegrave (1). Dur- 
ing this x-ray procedure, the patient’s head 
remains stationary while the film and the x-ray 
source, each mounted on opposite ends of a 
metal support, rotate around the patient’s head 
(figure 2). At the half cycle, the axis of rotation 
is changed in order to position each side of the 
patient’s head symmetrically with respect to the 
film and also to minimize distortion. A special 
value of panoramic radiography over the con- 
ventional, full-mouth, periapical, radiographic 





survey is that no film is placed in the mouth of 
the patient so there is no discomfort. This pro- 
cedure can also be used to show the status of 
development and eruption of teeth at various 
ages. Since the procedure uses intensifying 
screens and increased object-to-film distance, 
the definition and detail are relatively poor. 
Consequently, this procedure is limited to those 
situations where clarity is not essential. Pano- 
ramic radiography is not intended to replace 
conventional periapical radiography, but rather 
to complement it (1-3). 


* Messrs. Howley and Robbins and Mrs. Dickinson 
are health physicists with the Radiation Safety Section, 
Department of Nuclear Medicine, National Institutes of 
Health, Bethesda, Md. 20014. 





Figure 1. A full mouth x-ray by panoramic technique 
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Figure 2. A Rando human phantom and the Panorex dental x-ray unit 
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Contrasted with the above is the conventional 
full-mouth x-ray examination which consists of 
7 exposures to the upper jaw and 7 exposures 
to the lower jaw, with dental film placed in the 
mouth of the patient. 

The purpose of this study was to demonstrate 
the use of thermoluminescent dosimeters in 
these diagnostic techniques. It was also of in- 
terest in making radiation safety surveys to 
compare the patient radiation exposures from 
the panoramic technique with the exposure 
from the conventional technique. 


The problem 


The rotating narrow x-ray beam used in 
panoramic dental radiography introduces some 
complications in the radiation dosimetry meas- 
urements (4). Dosimetry with film is hampered 
by energy and directional dependence primarily 
due to scattered radiation (5). Dosimetry by 
ion chamber techniques is limited by the neces- 
sity for uniform irradiation of the entire sensi- 
tive volume (4, 6-8). The problem of pano- 
ramic dosimetry is one of measuring the radia- 
tion exposure from a very narrow beam of 
primary x rays plus scattered radiation. 


Method 


Miniature glass encapsulated lithium fluoride 
thermoluminescent dosimeters (TLD), figure 3, 
placed at selected locations within a Rando 
human phantom were exposed to radiation from 
a single film panoramic (Panorex) x-ray pro- 
cedure and to radiation from a conventional 
full-mouth dental x-ray procedure, for the pur- 
pose of comparison. The panoramic radio- 
graphic procedure, as practiced at the National 
Institutes of Health, involved a 30-second rota- 
tional exposure at 10 mA and 80 kVp. The half- 
value layer of this beam was 1.5 mm of alumi- 
num. The conventional procedure consisted of 
14 exposures to selected positions about the jaw 
at 65 kVp, 10 mA and 0.8 second per exposure. 
The x-ray tube target-to-skin distance for the 
conventional unit was 18 inches. The half-value 
layer of the x-ray beam was 2 mm of aluminum. 
The diameter of the useful x-ray beam from 
the conventional unit was approximately 3 
inches at the tip of a 16-inch beam collimator, 
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Figure 3. The glass encapsulated lithium fluoride 
thermoluminescent dosimeter 


in contrast with a 3-inch-long by 0.25 inch wide 
x-ray beam from the Panorex unit at an x-ray 
tube target-to-skin distance of 12 inches. 

Thermoluminescent dosimeters were chosen 
for this study because they minimize the prob- 
lems of energy and volume dependence (9-11) 
which are associated with the other dosimeter 
types considered. Directional dependence re- 
mained a complication. A 25 percent reduction 
in reading was observed for exposures to the 
smaller surface of 1.4 x 12 mm dosimeters com- 
pared with similar exposures to the larger sur- 
face. A major difficulty in low dose dosimetry 
with TLD in the past has been background 
interference, principally from electronic noise. 
Recent improvements in these systems have re- 
duced this difficulty to a minimum. Exposures 
in the milliroentgen range were measured with 
a background, including noise, of less than 2 
mR. The glass-encapsulated dosimeters were 
uniform, reasonably rugged and required no 
prior annealing or nitrogen atmosphere for low 
exposure measurements. Dosimeters exposed 
to 50 mR had a standard deviation of 3 per- 
cent. Readings at 10 mR had a standard devia- 
tion of 20 percent. Solid hot-pressed lithium 
fluoride dosimeters, a more recent innovation, 
were also tested and found to be as sensitive 
as glass-encapsulated dosimeters. 
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Figure 4. Milliroentgen exposure for a full mouth x-ray procedure with the Panorex vs. a 
conventional (values in parentheses) technique 


Findings 


Radiation dosimetry data for patients ex- 
posed to panoramic and conventional full-mouth 
radiographic procedures were obtained by ex- 
posing the glass-encapsulated TLD at various 
locations within a Rando human phantom. In 
order to obtain a reliable value for a single ex- 
posure from the Panorex, it was necessary to 
calculate this from ten integrated exposures. 
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A comparison of exposures at selected points 
of interest is illustrated in figure 4, in milli- 
roentgens. Phantom sections 5 and 6 were in 
the center of the primary x-ray beam, 3 inches 
long by 0.25 inches wide. The exposure for a 
single Panorex procedure is shown first, fol- 
lowed by the exposure for a full-mouth, con- 
ventional x-ray procedure in parenthesis. The 
conventional procedure consisted of 14 intra- 
oral films with overlapping fields of exposure. 
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A Victoreen R meter was used to calibrate 
the TLD system in the energy range of interest. 
For this reason the exposure measurements in 
these experiments are reported in milliroent- 
gens. Factors for the conversion of exposure 
to absorbed dose are available in NBS Hand- 
book 85. 

TLD measurements of surface exposures on 
the phantom were compared with film dosimeter 
measurements using the Panorex procedure and 
are shown in table 1. The TLD was considered 
to be the more accurate of the two dosimeters 
because it is less energy dependent than film. 
Kodak type 3 personal monitoring film was used 
in the study. TLD and film readings for sec- 
tions 5 and 6 exposed to the primary beam are 
consistent. The readings in the other sections 
are outside the primary beam and are believed 
less consistent because of the limited accuracy 
of film as well as TLD in this low exposure 
range and the variable response of film to the 
spectrum of scattered radiation energies. 


Table 1. Comparison of exposure values for thermo- 
luminescent and film dosimetry for surface exposures 
of a Rando phantom 





Phantom 
Location 





Right eye 
Right eye 
Right jaw 
Right jaw 
Right jaw 
Parathyroid 
Thyroid 














The glass-encapsulated thermoluminescent 
dosimetry system has been found to be an 
effective method of conveniently measuring 
radiation exposure from dental and other diag- 
nostic medical x-ray machines. It has been 
found to overcome some of the important prob- 
lems associated with the use of small ion 
chambers and film. 

The TLD system was compared with the film 
dosimetry and the results were consistent 
except at very low exposures where film 
suffers from energy dependence in a scattered 
radiation field. 

It is apparent from the phantom measure- 
ments obtained that the patient radiation ex- 
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posure is considerably less from the panoramic 
radiographic procedure than from the conven- 
tional full-mouth series. 
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A Procedure for Evaluating Environmental Radiation Dose to Children in the 
Vicinity of the Hanford Project in Washington, April 1965—January 1967 


John F. Honstead! 


The Hanford Atomic Energy Commission 
Installation in southeastern Washington re- 
leases small amounts of radioactive materials to 
the local environment in low-level waste efflu- 
ents. Radioactive materials enter the Columbia 
River with reactor cooling water released after 
a short hold-up period. Once released to the 
river, this radioactive material enters a number 
of ecological pathways of varying complexity 
which may result ultimately in some of the 
radioactivity reaching human populations living 
adjacent to the Hanford project. The radiation 
dose received by populations affected by Han- 
ford operations is evaluated annually (1). Part 
of the dose such people receive is the result of 
internal deposition of radionuclides obtained 
from locally produced foodstuffs. The necessary 
information for estimating such deposition is 
the concentration of radionuclides in locally- 
produced foodstuffs, the consumption levels of 
such foods by local people, and the metabolic 
behavior of the radionuclides when consumed. 

A conventional environmental program such 
as that followed at Hanford for many years will 
adequately provide information concerning the 
average concentration of radionuclides in 
locally-produced foodstuffs and the distribution 
of nuclide concentrations about the sample 
mean (1). Likewise, the literature e.g., the 
ICRP Report of Committee II on Permissible 
Dose for Internal Radiation (2), provides in- 
formation concerning the uptake and retention 
of most radionuclides of interest when con- 
sumed by man. In the absence of any more 
definitive information concerning absorption 
of nuclides from specific foodstuffs these data 
are utilized in our dose estimates. 


*Mr. Honstead is manager, Environmental Studies 
Section, Pacific Northwest Laboratory, Battelle Mem- 
orial Institute, Richland, Wash. 99352. 
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The middle step in this calculation process 
(the estimation of consumption levels and the 
population distribution of various consumption 
levels) is actively being studied by Battelle- 
Northwest Laboratory. To obtain dietary data 
for a sample of the aduit population, a diet form 
was prepared which is routinely presented to all 
people measured in the Hanford whole-body 
counters. The questionnaire requires a sub- 
jective estimate of consumption levels of vari- 
ous significant foodstuffs on the part of the 
subject. For example, he is asked to estimate 
“how many glasses of water usually drunk 
per day.” Similar questions are also asked re- 
garding consumption of milk, seafood, game 
birds, Columbia River fish, and fresh meat. 
Supporting information concerning sources of 
such foodstuffs is obtained to help identify the 
size of the population routinely consuming cer- 
tain kinds of foods from local sources. An 
initial report of this investigation was recently 
issued (3). 

The Hanford whole-body counter is used 
routinely as a monitoring tool in the plant; 
thus, the vast majority of the people measured 
are plant employees. These employees are as- 
sumed to be a representative sample of the local 
adult population but they obviously cannot be 
representative of the entire population. The 
major population group missing from this sur- 
vey is children living near the Hanford facili- 
ties. The dietary habits of children are vastly 
different from those of adults and cannot really 
be derived from adult data. To study the chil- 
dren’s dietary levels we have initiated an in- 
vestigation in cooperation with the local school 
system. This paper describes the program that 
was developed and presents some of the results 
obtained to date. 
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Description of the procedure 


In establishing a research procedure to in- 
vestigate diets and radionuclide body burdens 
in local children we had to provide motivation 
for the schools to cooperate with us, for the 
parents to give permission for their children’s 
participation, and for the children to take part 
in the study. A serious attempt was made to 
inform the children about radioactivity and 
radiation along with the introduction of the 
program. Questions that arose were answered 
frankly and information concerning the meas- 
urements and the results were made available 
to anyone interested. More than 80 percent 
of the 1,800 school children in the eight elemen- 
tary schools (grades 1-6) so far approached 
participated in this study. 

Questions requiring evaluation by the child 
of the amounts of various foodstuffs consumed 
cannot reliably determine consumption levels 
for children. Instead the child is asked to keep a 
record of the pertinent foodstuffs eaten and 
drunk during a consecutive 7-day period. This 
record is maintained by recording each helping 
or cup of foodstuff consumed. Some diet rec- 
ords, perhaps between 1 and 2 percent, were 
discarded because the child obviously did not 
understand what was required. 

About 2 weeks after the classroom discussion 
the Hanford mobile whole-body counter was 
moved to the school and parked in a convenient 
location on the schoolground. The counter uses 
a shadow shield and incorporates an 11-inch 
sodium iodide crystal (4, 5). It requires about 
1 month to count the children in one elemen- 
tary school. Each child is counted for 10 
minutes in the shadow shield counter and about 
2 minutes are required for printing and record- 
ing the data. Thus, it is possible to measure 
25 to 30 children each day. Each child is 
absent from class about 30 minutes. 


Diet study results 


The data obtained from diet record forms 
are reduced to punch cards for use in an 
electronic computer system and will ultimately 
be entered on a magnetic tape file. To date a 
little over 1,500 such records have been analyzed 
and more than twice that number have been 
collected from school children. Some of the 
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consumption level distributions assembled by 
electronic data processing techniques are shown 
in figures 1 through 4. 

Figure 1 shows the water consumption re- 
ported by children. Older children averaged 
slightly higher water consumption than the 
younger children, although the difference is 
probably not significant. When adults esti- 
mated their own water consumption levels they 
reflected a significant bias for even numbers 
and multiples of 5. The children’s results, be- 
ing a tabulation of actual consumption observa- 
tions, do not have this kind of bias. 





GW Children Under 8 Years 
Total Cases 539 
Average 3.32 


Children 8 and Over 
Total Cases 990 
Average 3.36 


Percent of those Reporting 








10 
8 oz. Cups/Day 


Figure 1. Water consumption during a 7-day recording 
period 

Figure 2 shows milk consumption as reported 
by children. The children averaged about 2.7 
cups of milk per day compared to an adult 
average of 1.7 cups per day. 

Figure 3 shows the children’s estimates of 
their seafood consumption. The study attempted 
to obtain estimates of the number of times per 
year that they ate seafood produced along the 
Washington coast, such as fresh oysters, fresh 
clams and fresh crab meat. This chart does 
not represent actual consumption data but the 
children’s estimates of their annual consump- 
tion levels. The bias introduced by human 
preference for certain numbers can be noted. 
The children estimated an average consumption 
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GSE Children Under 8 Years 
Total Cases 539 
Average 2.70 


Children 8 and Over 
Total Cases 990 
Average 2.62 


Percent of those Reporting 











10 
8 oz. Cups/Day 


Figure 2. Milk consumption reported by elementary 
school children 
of local seafood of about 2.8 meals per year 
compared to the adult estimate of 6 meals per 
year. Over 60 percent of the children reported 
never eating local seafood compared to only 
35 percent of adults. 

In figure 4 the consumption level distribution 
for fish caught in the Columbia River below 
the Hanford plant is shown. Children under 
8 report an average of 2.4 meals per year while 
the older children report an average of 2.7 
meals per year. This probably reflects a mis- 
taken interpretation of the question on the 
part of the children. They probably are in- 


cluding all fish consumption, in some cases, 
rather than limiting it to Columbia River fish. 
Adults, when asked the same question, esti- 
mated 1.9 meals per year. Seventy-five per- 
cent of the adults indicated that they never 
eat Columbia River fish. 


Whole-body counter measurements 


None of the more than 3,000 children meas- 
ured in the mobile whole-body counter to date 
have had body burdens of radionuclides out- 
side of the range anticipated on the basis of 
known environmental conditions. Typical values 
of radionuclide burdens measured in children 
were 3 to 5 nCi of each of the radionuclides, 
zinc-65, sodium—-24 and cesium-137. Body 
burdens ranging up to several times the typical 
values were occasionally detected where un- 
usual circumstances resulted in diet sources 
more directly related to the Columbia River. 
These ranges agree with those that would be 
predicted from our knowledge of the environ- 
mental concentration levels. The quantitative 
measurement of radionuclides in children de- 
pends on the construction of a suitable calibra- 
tion function for the shadow shield counter. 
It cannot be assumed that the calibration fac- 
tors derived for standard man are applicable 
to children’s measurements. A calibration study 
was conducted concurrently with the measure- 
ment of children. In the absence of a definition 
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Figure 3. Consumption levels for locally produced seafood 
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Figure 4. Columbia River fish consumption reported by 
Richland school children 


for a standard child we developed an array of 
9 phantoms for children ranging in size from 


48 to 107 pounds. The phantoms are con- 
structed of 1-pound boxes of sugar as shown 
in figure 5. A phantom containing no added 
radioactivity is first constructed on the bed 
of the counter and measured to provide back- 
ground data. Then a phantom using sugar 
boxes containing known amounts of radio- 
nuclides is constructed in an identical way and 
measured with the counter. After subtracting 
background readings the measurements may 
be used to calculate a calibration factor for the 
radionuclides and phantom size used. In this 
way, calibration factors for each of the 9 
phantoms for zinc—65, potassium—40, cesium— 
137, and sodium-24 were derived. 

These data were used to construct an em- 
pirical function relating body size to calibra- 
tion factor which can be programmed for the 
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computer to provide absolute body burden 
measurements. Linear, exponential and power 
functions were examined for these data. The 
goodness of fit of functions obtained with a 
parameter of pounds weight per inch of height 
as compared to functions involving simply 
pounds was also evaluated. A linear correla- 
tion technique was used for selecting the best 
fit for each of these functions. The calibration 
curves that best fit the data were exponential 
functions calculated in this way and the cali- 
bration points from which the functions were 
derived. It would be most helpful if some 
calibration data from children were available 
to confirm these calibration functions. 


Application of the procedure 


Environmental dose estimates for the popu- 
lation living adjacent to the Hanford plant 
include the dose to a typical resident and to a 
special population group having diet habits 
that maximize exposure. The procedure de- 
scribed for obtaining data from school children 
will assist with the identification and study of 
the affected population 
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Figure 5. Shadow-shield whole body counter with phantom in place 
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Gamma-Emitting Fallout in Surface Air at Fort Collins, Colo., 1962-1967’ 


Daniel W. Wilson and Gerald M. Ward? 


Surface air gamma-ray activities of the 
fission products cerium-144, antimony-125, 
ruthenium—106, cesium—137 and a neutron acti- 
vation product, manganese—54, all from nuclear 
weapons testing, were measured at Fort Collins, 
Colo. from 1962 to 1967. These measurements 
were part of a study of the transport of world- 
wide fallout from the atmosphere to milk. Of 
these radionuclides, only cesium—137 has been 
observed regularly in milk (1), but there has 
been some evidence of manganese—54 in milk 
(2). All of these radionuclides (with the addi- 
tion of zirconium-niobium-95) have been 
identified in air, precipitation and forages, and 
cerium-—144, cesium-137 and manganese—54 
have been identified in animal tissue (2). In 
periods immediately following nuclear weapons 
tests, iodine-131 and barium-lanthanum-—140 
were observed in forage and milk (3). 

In our studies, air levels of cesium—137 have 
been found to be a reliable indication of forage 
and milk contamination, and we believe that 
the importance of direct deposition from air to 
vegetation (dry deposition) has been under- 
estimated previously in food chain transport 
models (4). Measurements of radionuclides 
other than cesium-—137 are valuable because the 
data provide a means of interpreting the 
atmospheric behavior of fallout. 


Analytical methods 


Sampling was performed by drawing air 
through particulate (BM—40) filter pads using 
a high volume sampler with a flow rate of one 
SCM per minute. The sampler was located 
1.5 meters above ground in a louvered box used 
to exclude rain. Air was sampled each day 
from noon to 4 p.m. The volume flow rate of 
the sampler was read with a calibrated meter 
at the beginning and end of each sampling 
period. Pads were usually collected for gamma- 
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ray analysis on a weekly basis, but daily dur- 
ing the summer months of high fallout. 

Counting was carried out by gamma-ray scin- 
tillation spectrometry with a 4- by 8-inch Nal 
(Tl) crystal and a multichannel pulse height 
analyzer. Determination of activity of each 
radionuclide was accomplished by computerized 
spectrum stripping of interference from the 
photopeak areas. The same computer program 
corrected for radioactive decay from day of 
counting to the day of sampling. Cesium—137, 
with a long radioactive half-life, was redeter- 
mined after a time lapse sufficient to allow 
interfering radioactivity to decay to an in- 
significant amount. It is expected that for 
this reason cesium-137 measurements are the 
most reliable of the nuclides reported. 


Results and discussion 


Monthly means for each fission product were 
characterized by rather high standard devia- 
tions, but the time trends for al] radionuclides 
were generally similar (table 1 and figure 1). 
High standard deviations are attributed to 
actual fluctuations in surface air activities dur- 
ing a month rather than to experimental errors, 
as monthly mean values compare well with 
other data published for the same time period 
(5, 6). Peak values for all radionuclide activi- 
ties in air during the 5-year time span occurred 
in the spring of 1963, and levels decreased 
approximately exponentially from that time. 
The exponential decrease was modified by two 
factors, a “spring maximum” each year, and 
by increases in activities in 1966 following 
foreign atmospheric nuclear tests. 


* Supported by AEC Contract (11-1)-1171 and pub- 
lished as COO 1171-79. 

* Dr. Wilson and Dr. Ward are from the Department of 
Animal Science, Colorado State University, Fort Collins, 
Colo. 80521. 
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Figure 1. Gamma emitting fallout radionuclide in surface Figure 1. Gamma emitting fallout radionuclide in surface 
air (antimony-125) air—Continued (cerium-144) 


8765 1m AIR pCi/m® 
2 
J 

S4un in AIR pCism® 
° 


° 
2 
asal 

° 

. 

i 














— 
Sau tceeaueys es @€ See 8 @ 
1962 1965 965 i966 1967 


Figure 1. Gamma emitting fallout radionuclide in surface Figure 1. Gamma emitting fallout radionuclide in surface 
air—Continued (cesium-137) air—Continued (manganese-—54) 
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Figure 1. Gamma emitting fallout radionuclide in surface 
air—Continued (ruthenium-106) 
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Table 1. Antimony-125 in surface air at Fort Collins, Colo. 
pCi/m*) 











0.043 (6) : . ‘ A , 0.006 (4) 
° -023 ‘ 5 -055 4 
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. A ( ° ‘ ‘ ‘ ° 1 
0.197 0.174 (2)*" . ° ‘ A -063 -080 ‘ ° o -022(10) 
| 6 ‘ ° 4 ‘ A A A A , ‘ -005(10) 


‘016 (4) 























* Parentheses give number of samples. 


Table 1. Cerium-144 in surface air at Fort Collins, Colo. 


(pCi/m*) 





1963 1964 1966 
Month 





Mean 8. D. 8. D. . D. 8. D. 





-052 (2) 


.02 7.38 (9) ; 0.273 (6) | 0.038 (1) 
9 55 f - 364 8 
( 


0.603 (2) * O27 (103 


-044 (4) 


























Table 1. Cesium-137 in surface air at Fort Collins, Colo. 
(pCi/m*) 





1966 





» D. . D. . D. 8. D. 





-208 (9) : : A ‘ ‘ 0.001 (2) 
-04 : -005 


012 (3) |. i : ‘010 (4) 























* Parentheses give number of samples. 
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Table 1. Manganese-—54 in surface air at Fort Collins, Colo. 
(pCi/m*) 





Month 


1965 








Mean 


Mean 





0.173 0.266 (8) 
. 154 -084 


-045 (2)* 


1022 (3) 














-036 (6) 
-O11 (5) 
-006 (5) 

(1) 














® Parentheses give number of samples. 


Table 1. Ruthenium-106 in surface air at Fort Collins, Colo. 
(pCi/m*) 





Month 








Mean 


Mean 8. D. 3. D. Mean 








-266 (2)*) ; 
-502(13) 
-211(16) 
-078 (9) 
-151 (9) 
.294 (7) 
-151 (3) 














0.050 (3) 
-059 (4) 
-014 (2) 
-050 (2) 
-654 (4) 
-325 (4) 
-064(12) 
-026 (8) 
-029 (2) 


:039(10) 


"055 (4) 














* Parentheses give number of samples. 


The spring maximum effect, which is con- 
nected to a periodicity in the stratospheric 
tapping rate (7), was most pronounced for 
cesium-—137, as was also observed by Gustaf- 
son (6). Damping of the spring maximum 
effect for the shorter-lived radionuclides may 
have been due in part to the more rapid losses 
due to radioactive decay. There was also a 
difference between the apparent stratospheric 
residence times for cesium—137 and the shorter- 
lived nuclides. Stratospheric residence time was 
estimated by the least squares fit of radio- 
nuclide levels verses time according to the 
equation A — A,e-.t, where A,, the observed 
decay rate, represents the sum of A, + A,, the 
atmospheric and radioactive decay rates, re- 
spectively. Correction for radioactive decay 
back to the time of the last major atmos- 
pheric tests in 1962 and treatment of these 
data by log-linear regression analysis led to 
anomalous stratospheric residence times for 
the short-lived radionuclides (table 2). In this 
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procedure, the slope of the regression line 
represents the hypothetical rate constant for 
stratospheric tapping. It is evident that the 
behavior is more complex than indicated by 
this procedure, probably due to large direct 
contributions of the 1962 atmospheric tests to 
tropospheric levels and to the more recent 
fallout following the foreign atmospheric 
nuclear tests. 


Table 2. Atmospheric residence times of fallout 
radionuclides 





Observed Half- 
time * and Radioactive Atmospheric 
Standard devia- Half-time * Half-time > 
tion (days) (days) 
(days) 


Radionuclide 


250 + 50 285 2,300 
400 + 70 760 680 
380 + 65 365 7,100 


(increasing) 
400 + 60 ~11,000 410 
300 + 40 312 2,000 





Cerium-144 
Antimony-125_-__.--- 
Ruthenium-106 


Cesium-137 
Manganese-54 














® Half-times derived from statistically best fit of each set of data to the 
function: 

A =Ace~ot, where Ao, the observed decay rate, represents the sum of 
Aa + Ar, the atmospheric and radioactive decay rates, respectively. 

> Calculated as described. 
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The well-defined behavior of cesium—137 in 
tropospheric air provides a basis for using 
air activities as a parameter in considerations 
of the fallout rate to the biosphere. Monthly 
cesium-137 activities were analyzed into two 
components, one describing the buildup of sur- 
face air levels which occurred each year to 
a spring peak, and another describing the de- 
crease of air levels through the spring and 
summer. The mean half-time for the buildup 
was 80 days, while the mean exponential half- 
time for depletion during the summer was 45 
days. The 5-year decline in surface air levels, 
indicated by a line drawn through the annual 
peak values (figure 2), occurred with a 300- 
day half-time. This latter component describes 
the stratospheric residence half-time of cesium— 
137. While the mechanisms of atmospheric 
transport of fallout are complex, these data 
indicate that surface air levels from world- 
wide fallout are characterized by well defined 
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patterns. This behavior will be useful for 


prediction of fallout in surface air and sub- 
sequent biospheric contamination in the event 
of further nuclear releases in the atmosphere. 
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Figure 2. Analysis of cesium-137 in surface air 
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Cesium—137 in Milk From the Colorado State University Dairy Herd, 


1962-1967 ' 


Anthony F. Gallegos and Gerald M. Ward? 


The University dairy herd consists of ap- 
proximately 125 high milk-producing cows of 
four breeds, but principally Holstein. The re- 
sults for transfer of cesium-—137 from feed to 
milk should be applicable to commercial dairy 
farm operations. Feed and fallout intake along 
with milk production records and cesium-—137 
levels of milk were available from this large 
herd and were used to compare to the relation- 
ships developed from closely controlled feeding 
experiments with smaller numbers of cows (1). 

Milk samples were obtained throughout the 
year from the composite milk output of the 
entire herd by sampling the bulk storage tank 
at the dairy farm. Milk from small sub-herds 
of ten to twenty cows which are grazing on 
pasture or fed green-cut alfalfa was available 
during summer months. Bulk milk samples 
contained milk from these sub-herds at times, 
but the volume of milk from the latter sources 
was not sufficient to significantly influence 
cesium—137 levels in the pooled milk. The main 
dairy herd was dry-lot fed the year-round. 
Feed consisted of stored alfalfa hay (princi- 
pally the third cutting), mixed grain and corn 
silage. The feeding program is fairly typical 
of Colorado or western dairy herds. 

Analysis for cesium-—137 and potassium—40 
was done by counting 5.4 liters in a Marinelli- 
type beaker placed on a 4- by 8-inch Nal (T1) 
crystal. Details in milk analysis have been 
described previously (2). 


Results 


The concentration of cesium—-137 in milk 
(pCi/liter) increased through 1962 and reached 
a peak in the summer of 1963. Data plotted 
in figure 1 and tabulated in table 1 consists 


* Supported by gt Contract (11-1)-1171 and pub- 
lished as COO 1171-77. 

*Mr. Gallegos a Dr. Ward are with the Depart- 
ment of Animal Science, Colorado State University, 
Fort Collins, Colo. 80521 
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of monthly means with standard deviations. 
Samples were collected more frequently in the 
summer months because more variability was 
expected. Standard deviations were a small 
percent of the means in the first and last 
quarter of the years (winter feeding period), 
but variability increased each summer. This 
was due to numerous changes in hay during the 
summer. Third-cutting hay was largely fed in 
the winter but the supply generally ran out in 
June or July. Thus between that time and the 
time when another supply of third-cutting hay 
was available, first or second cutting was fed. 
We have shown large differences in the cesium— 
137 content of hay for the three cuttings (3). 
The variation in milk from cows on pasture 
or fed green-cut alfalfa corresponded generally 
with seasonal trends in the direct fallout rate. 
This relation, however, was obscured at times 
by feeding supplemental hay which contained 
more cesium-137 than the fresh forage being 
consumed. Thus direct comparisons cannot be 
made between air or rainfall samples and milk. 
That these variations were not due to analyti- 
cal variation is supported by the observation 
that no such trends were observed in the 
potassium content of milk (4). Potassium and 
cesium-137 were determined on the same 
samples and by the same method; gamma-ray 
spectrometry. 


The relationship between the bulk tank levels 
of cesium-137 versus day collected for the 
period after the peak gave a linear regression 
coefficient equivalent to a half-time of 467 days 
(S.D. + 22). This is similar to the half-time 
found for cesium-137 activity in air, which was 
400 days (S.D. + 59). Both cesium-137 in 
air and milk show periodic deviations from 
their respective regression lines. For air, this 
is related to the spring maximum effect, but 
for milk it is related to feeding practices which 
may change at any time within the year. 
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Table 1. Bulk and pasture milk, cesium-137 monthly averages 
(pCi/liter) 


1962 1963 





Month 


Mean 





January Pasture 
: Bulk 
February Pasture 
Bulk 
March-__- ..-| Pasture 
Bulk 29.6 -3 (5) 
Pasture (1) * 
Bulk 
Pasture 
Bulk 
Pasture 
Bulk 
Pasture 
Bulk 
August Pasture 
Bulk 
September .--| Pasture 
Bulk 
October ...------| Pasture 


o w 


35. 3.9 (9) 
.7(18) 59 .¢ 33 .5(18) 
2.8 (6) 31.§ 5.0(11) 
-4(18) 58.: 29 .6(15) 
.5(12) 
22 .7(13) 
5.0(10) 
-7(11) 
9.0(11) 
5. 1(20) 
3.4 (5) 


.5 (6) 
-1(19) 
1 (2) 


Noe et 
NN UN AO 


2 (2) 





wt to Os 


_— 
CHS 


-2 (2) 


naevonannow © 


oo 


6.2 (2) 


November. - - 


-~ 


1.68 (4) 





December 





~~ - 


Bulk 3.03 (3) 











1965 


Month 


Mean 





January - - -- Pasture 
| Bulk 
February - - -- -- ..| Pasture 
Bulk 
March---- s Pasture 
Bulk 
Pasture 
Bulk 
Pasture 
Bulk 
Pasture 
Bulk 
Pasture 
Bulk 
August. ____. Pasture 
Bulk 
September - Pasture 
Bulk 
October Pasture 
Bulk 
Pasture 
Bulk 
Pasture 
Bulk 


























* Numbers in parentheses indicate the number of samples. 
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SECTION I. 


In the determination of the internal exposure 
to man from environmental radiation sources, 
primary interest centers on radionuclides in 
the diet. Federal and State agencies are in- 
volved in efforts to monitor continuously the 
dietary intake of radionuclides. The most di- 
rect measure of radionuclide intake would be 
obtained through radioanalysis of the total 
diet. Difficulties in obtaining specific dietary 
data impede this approach. An alternate 
method entails the use of indicator foods to 
arrive at an estimate of the total dietary radio- 
nuclide intake. 

Fresh milk is one such indicator food. It 
is consumed by a large segment of the U.S. 
population and contains most of the biologically 
significant radionuclides which appear in the 
diet. It also is one of the major sources of 
dietary intake for the short-lived radionuclides. 
For these reasons, fresh milk is the single food 
item most often used in estimating the intake 
of selected radionuclides by the general popu- 
lation and/or specific population groups. In 
the absence of specific dietary information, it 
is possible to approximate the total daily dietary 
intake of selected radionuclides as being equiva- 
lent to the intake represented by the consump- 
tion of fresh milk. 

The Federal Radiation Council (FRC) has 
developed Radiation Protection Guides (RPG’s) 
for controlling normal peacetime nuclear opera- 
tions, assuming continuous exposure from in- 
take by the population at large (1-3). The 
RPG’s do not and cannot estakiish a line which 
is safe on one side and unsafe on the other; 
they do provide an indication of when there is 
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MILK AND FOOD 


a need to initiate careful evaluation of ex- 
posure (3). Additional guidelines are provided 
by the FRC Protective Action Guides (4) and 
by the International Commission on Radio- 
logical Protection (5, 6). 

Data from selected national, international, 
and State milk and food surveillance activities 
are presented herein. An effort has been made 
to present a cross-section of routine sampling 
programs which may be considered of a con- 
tinuing nature. Routine milk sampling has been 
defined as one or more samples collected per 
month. 
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National and International Milk Surveillance 


As part of continuing efforts to quantita- 
tively monitor man’s exposure to radionuclides, 
various national and international organiza- 


tions routinely monitor radionuclide levels in 
milk. 





1. Pasteurized Milk Network 
April 1968 


National Center for Radiological Health and 
National Center for Urban and 
Industrial Health, PHS 


The Public Health Service’s Pasteurized Milk 
Network (PMN) is designed to provide nation- 
wide surveillance of radionuclide concentra- 
tions in milk through sampling from major 
milk production and consumption areas. The 
present network of 63 stations (figure 1) pro- 
vides data on milk in every State, Washington, 
D.C., the Canal Zone, and Puerto Rico. The 
most recent description of the sampling and 
analytical procedures employed by the PMN 


appeared in the January 1968 issue of Radio- 
logical Health Data and Reports (1). Refer- 
ence should also be made to the February 1968 
issue (2), in which several changes in the 
interpretation and reporting of data were 
introduced. 


Table 1. Analytical errors associated with determinations 
of radionuclide concentrations in a milk sample 


Concen- Concen- | 
tration Error * | tration 
(pCi (pCi (pCi 
liter) liter) liter) 


Frror * 
(percent of 
concen- 

tration) 


Nuclide 


| 
Strontium-89 <50 5 =50 
Strontium-90 <20 - 220 
lodine-131 <100 | =100 | 
Cesium-137 <100 | 2100 | 
Barium-140 <100 = 100 


* Two standard deviations. 
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Figure 1. Pasteurized Milk Network sampling stations 
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Table 2. Average concentrations of radionuclides in pasteurized milk for April 1968 and 








Sample location Strontium-89 Strontium-90 
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® See text for averaging procedure. 
> 12 month averages represent only 9-months data. 
NA, no analysis. 


Table 1 shows the approximate analytical 
errors (including counting error) associated 
with determinations of radionuclide concen- 
trations in milk. These errors were deter- 
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mined by comparing results of a large number 
of replicate analyses. Table 2 contains averages 
for April 1968 and 12-month averages for the 
period May 1967 through April 1968. The 
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12-month averages facilitate evaluations of 
population exposure with respect to the guid- 
ance provided by the Federal Radiation Coun- 
cil, which suggests average total daily intakes 
“averaged over periods of the order of a year,” 
as an appropriate criterion (3). The average 
radionuclide concentrations are based on re- 
sults obtained from samples collected weekly. 
Whenever weekly concentrations were less than 
or equal to the appropriate minimum detectable 
levels, zero was used for averaging purposes 
(2). At very low radionuclide concentrations 
this often results in averages lower than the 
minimum detectable concentration for a single 


sample, but any positive value reflects at least 
one weekly sample which was above the mini- 
mum detectable level. The minimum detectable 
concentration is defined as the measured con- 
centration equal to the two-standard deviation 
analytical error. Accordingly, the minimum 
detectable concentrations in units of pCi/liter 
are: strontium-89, 5; strontium—90, 2; cesium— 
137, barium—140, and iodine—-131, 10. Iodine— 
131 is not shown in table 2 as the concentra- 
tions were below detectable levels. 

The average strontium—90 concentrations in 
pasteurized milk from selected cities are pre- 
sented in figure 2. 
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Figure 2. Strontium-90 concentrations in pasteurized milk, 1964—April 1968 
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2. Canadian Milk Network 
April 1968" 


Radiation Protection Division 
Department of National Health and Welfare 


Since November 1955, the Radiation Protec- 
tion Division of the Department of National 
Health and Welfare has been monitoring milk 
for radionuclide concentrations. Powdered milk 
was originally sampled, but liquid whole milk 
has been sampled since January 1963. At 
present, 16 milk sampling stations (figure 3) 
are in operation. Their locations coincide with 
air and precipitation sampling stations. 

Milk samples are collected three times a 
week from selected dairies and are combined 
into weekly composites. The contribution of 
each dairy to the composite sample is directly 
proportional to the liquid volume of sales. 
Weekly spot check analyses are made for 
iodine-131, and monthly composites are ana- 
lyzed for strontium—90, cesium—137, and stable 
calcium and potassium. The analytical pro- 


* Prepared from May 1968 monthly report, “Data from 
Radiation Protection Programs,” Canadian Department 
of National Health and Welfare, Ottawa, Canada. 


cedures were outlined in the April 1968 
issue of Radiological Health Data and Reports 
(4). 

The April 1968 monthly average strontium— 
90, cesium-—137, and stable calcium and potas- 
sium concentrations in Canadian whole milk 
are presented in table 3. Iodine-131 concen- 
trations were below minimum detectable levels. 
Due to the low environmental levels currently 
present, strontium-89 analysis has been dis- 
continued. 


Table 3. Stable elements and radionuclides in Canadian 
whole milk, April 1968 
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Figure 3. Canadian milk sampling stations 
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3. Pan American Milk Sampling Program 
April 1968 


Pan American Health Organization and 
U.S. Public Health Service 


The Pan American Health Organization 
(PAHO) in collaboration with the U.S. Public 
Health Service (PHS), furnishes assistance to 
health agencies in the American Republics 
in developing national radiological health 
programs. 

Under a joint agreement between agencies, 
air and milk sampling activities are conducted 
by a number of PAHO member countries 
(figure 4). Results of the milk sampling pro- 
gram are presented below. Further information 
on the sampling and analytical procedures em- 


Table 4. Stable element and radionuclide Sree 
in Pan American milk,* April 1968 


Stron- 


| Cesium- 
tium- 90 > 137 » 
(pCi (pCi/ 
(g/liter) @ liter) liter) 
| 


Sampling station Number | Potassium | 


of samples 


Santiago. _ -- 1 
Colombia: Bogota 1. 
Ecuador: Guayaquil--- 1.5 
Jamaica: Kingston _-_- 1 
Venezuela: Caracas 1 











Canal Zone: Cristobal soo] 5 1. 
Puerto Rico: San Juan °..| 5 RY | 


* All strontium-89 results were <5 pCi/liter; iodine-131 and barium-140 
results were all <10 pCi/liter. 
> Strontium-90 single sample results <2 — i/liter and cesium-137 single 
sample results <10 pCi/liter are reported as 0 
© For comparison, the radionuclide concentrations in Pasteurized Milk 
Network samples collected at Cristobal, Canal Zone, and San Juan, 
Puerto Rico, are presented. 


ployed was presented in the December 1966 
issue of Radiological Health Data and Reports 
(5). 

Table 4 presents stable potassium, stron- 
tium-90 and cesium-137 monthly concentra- 
tions for April 1968. 
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Figure 4. Pan American Milk Sampling Program stations 





4. Radiostrontium in milk 
January—December 1967’ 


Health and Safety Laboratory 
U.S. Atomic Energy Commission 


In 1954, the Health and Safety Laboratory 
began monitoring strontium—90 in liquid whole 
milk in New York to estimate the dietary con- 
tribution from ingestion of radiostrontium in 
milk. Subsequently, powdered milk monitor- 
ing was initiated at Perry, N.Y. (1954), and 
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at Mandan, N. Dak. (1955). Liquid whole milk 
monitoring was started in Honolulu, Hawaii, 
in August 1959. Sampling was terminated at 
Mandan, N. Dak., and Honolulu, Hawaii at the 
end of June 1965. 


* Data summarized from “Fallout Program Quarterly 
Summary Report,” HASL-193, available from Clear- 
inghouse for Federal Scientific ‘and Technical Informa- 
tion, CFSTI, 5285 Port Royal Road, Springfield, Va. 
22151. 
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Sampling location 


New York, N.Y. 
(liquid whole milk) 
Perry, N.Y. 
(powdered whole milk) 





The New York City sample is a monthly 
composite of pasteurized milk purchased daily 
in quart containers at retail stores. Five large 
dairies are represented in the sample. The 
Perry samples are monthly composites of 
powdered whole milk for human consumption 
collected weekly in 5-pound lots from plants 
in the city. The strontium—90 to calcium ratios 
in whole milk are presented in table 7. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


January-June 1966 
July—December 1966 


Issue 


March 1967 
September 1967 


August 1968 


Table 7. Strontium-90 to calcium ratios in milk, January-December 1967 


Strontium-90 to calcium ratio 


(pCi ™Sr/g Ca) 


seeeatipeasiiiaiiaaia diate a " 
Jan | Feb Mar Apr | May | Jun July | Aug | Sept 
* . = _| cone a 


| anit 
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State Milk Surveillance Activities 


Considerable progress has been made by the 
State health departments in initiating or ex- 
panding environmental surveillance activities 
in radiological health. Many of the States now 
have comprehensive environmental surveillance 
programs and_ self-sustaining radiological 
health laboratories. 

The continuing efforts of State health depart- 
ments in the analysis and monitoring of radio- 
nuclides in milk complement Federal milk 
surveillance activities. State milk surveillance 
activities are continually undergoing develop- 


State milk network 





Period reported 


mental changes. The results presented herein 
are representative of current surveillance activi- 
ties directed at the use of milk as an indicator 
of dietary intake of radioactivity. 

Figure 1 shows the States which report milk 
surveillance activities in Radiological Health 
Data and Reports. States having programs 
appearing in this issue are highlighted in the 
figure. Following is a summary of previously 
covered State programs, their reporting period, 
and the last issue in which they appeared. 


Last presented 





Colorado 
Florida 
Oklahoma 
Tennessee 
Texas 
Washington 


California 
Oregon 


January—March 1968 
January—March 1968 
October—December 1967 
January—March 1968 
January—March 1968 
October—December 1967 
October—December 1967 
October—December 1967 





July 1968 
July 1968 
April 1968 
July 1968 
July 1968 
June 1968 
June 1968 
June 1968 
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. @ States Currently Reported 
} States Previously Reported 











Figure 1. State milk surveillance activities 
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1. Connecticut Milk Network 
January-March 1968 


Connecticut State Department of Health 


The Connecticut State Department of Health 
has been monitoring pasteurized milk for 
strontium-89 and strontium-90 since April 
1960. In May 1962, the program was expanded 
to include the determination of gamma-emitting 
radionuclides in milk. 

The sampling program is flexible in nature, 
providing for sampling in five areas of the 
State (figure 2). At the present time, weekly 
samples representative of milk sold in the cen- 
tral area of the State are collected and analyzed 
for strontium-—89, strontium—90, and gamma- 
ray emitters. Concentrations of iodine-131 are 
determined as an indication of the presence of 
radioactivity of recent origin. 

Strontium-89 and strontium—90 are deter- 
mined by chemical separation. Iodine—-131 and 
other gamma-ray emitters are determined by 
gamma-ray scintillation spectroscopy. 

The monthly average concentrations of stron- 
tium-89, strontium—90, iodine—131, and cesium— 
137 in central Connecticut pasteurized milk 
are presented in table 1. These results are 
presented graphically in figure 3. 


Table 1. Radionuclide concentrations in central 
Connecticut pasteurized milk, January-March 1968 





Concentration 
(pCi/liter) 


Month 


Strontium- | Strontium- Iodine-131 Cesium- 
89 90 | 137 


January 
February 
Ps snbokicnd 











Figure 3. Radionuclide concentrations in central 
Connecticut pasteurized milk, 1964—-March 1968 


Recent coverage in Radiological Health Data and 
Reports: 


Period 


July-September 1967 
October-December 1967 


Issue 


February 1968 
May 1968 
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Figure 2. Connecticut pasteurized milk sampling areas 
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2. Indiana Milk Network 
January-March 1968 


Bureau of Environmental Sanitation 
Indiana State Board of Health 


The Indiana State Board of Health began 
sampling pasteurized milk for radionuclide 
analysis in September 1961. The State was 
geographically divided into five major milk- 
sheds; northeast, northwest, central, southeast, 
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Figure 4. Indiana pasteurized milk sampling areas 


ATION (pCi/titer) 


CONCENTR 


and southwest (figure 4). One large dairy with- 
in each milkshed was assumed to be representa- 
tive for sampling purposes. 

The milk samples are analyzed monthly for 
strontium-89 and strontium—90. Cesium—137, 
iodine-131, and barium-140 are analyzed 
weekly for at least two of the milksheds. When 
iodine—131 concentrations exceed 100 pCi/liter, 
the sampling frequency is increased. From 
August 1963 +o April 1966, because of the con- 
tinued low concentrations of short-lived radio- 
nuclides, the sampling frequency was once a 
month for the northeast, southeast, and south- 
west milksheds. 

Strontium-89 and strontium-90 concentra- 
tions in milk samples are determined by ion 
exchange separation (1, 2) while cesium—137, 
iodine-131, and barium—140 are determined by 
gamma-ray scintillation spectrometry (3). 

The monthly stable elements and radionuclide 
concentrations in Indiana pasteurized milk are 
presented by sampling locations in table 2 for 
January through March 1968. Barium-—140, 
iodine-131 and strontium—89 concentrations re- 
mained below detectable levels of 10 pCi/liter 
during this period. 


Figure 5. Radionuclide concentrations in Indiana 
pasteurized milk, 1964—-March 1968 


Table 2. Stable elements and radionuclide concentrations in Indiana milk 


January-March 1968 





Calcium 
(g/liter) 


Potassium 
(g/liter) 


Cesium-137 
(pCi/liter) 


Strontium-90 
(pCi/liter) 





Sampling location 
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The monthly network average concentrations 
of strontium-89, strontium-90, and cesium-— 
137 are presented graphically in figure 5. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


July-September 1967 
October-December 1967 


Issue 


February 1968 
May 1968 





3. Iowa Milk Network 
January March 1968 


State Hygienic Laboratory and the 
Iowa State Department of Health 


In Iowa, radiological health activities are 
conducted jointly by the State Department of 
Health and the State Hygienic Laboratory, 
with the State Hygienic Laboratory perform- 
ing the surveillance and analytical functions. 

In August 1962 the State Hygienic Labora- 
tory of Iowa began sampling milk for iodine— 
131. In May 1964 this routine surveillance was 
expanded to include cesium-137 and strontium— 
90. 

One gallon samples are collected from 4 sta- 
tions, selected to give a broad coverage of milk 
production areas in the State (figure 6). Pro- 
ducers furnishing milk to the Spencer bottling 
area are quite restricted to that northwest part 
of the state and the majority of milk bottled 
in Iowa City comes from six counties in east 
central Iowa. The Des Moines milkshed com- 
prises approximately sixty counties covering 
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Figure 6. Iowa milk sampling locations 
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about two thirds of the state radiating out of 
Des Moines in all directions. The Charles City 
bottling area covers primarily north central 
Iowa. At present the Iowa City and Des Moines 
stations are sampled weekly and the Spencer 
and Charles City stations are sampled monthly. 
The sampling frequency is increased when 
nuclide concentrations warrant closer sur- 
veillance. The samples are forwarded to the 
State Hygienic Laboratory at the University 
of Iowa, Iowa City for analysis. 


Analytical procedures 


Iodine-131 and cesium-137 together with 
barium-lanthanum-140 and potassium—40 are 
determined by gamma-scintillation spectrome- 
try using a 4- by 4-inch Nal (Tl) crystal and 
512 channel pulse height analyzer. All samples 
are 3.5 liters and are counted for 80 minutes 
in Marinelli beakers with the results being cal- 
culated using a 4 by 4 matrix. Strontium—90 
is determined by an ion-exchange system de- 
scribed by Porter, et al (4). One liter of milk 
is passed through an ion-exchange column; 
yttrium—90 is eluted from the resin and counted 
as yttrium oxalate in an automatic low back- 
ground proportional counter. Minimum detect- 
able limits are 10 pCi/liter for iodine-131 and 
cesium-137 and 2 pCi/liter for strontium—90. 


Results 


Table 3 gives the monthly averages at each 
of the four locations for January—March 1968 
and figure 7 shows graphically the overall net- 
work average monthly results. During this 
period it can be seen that the concentration 
levels of cesium—137 and strontium—90 showed 
a decreasing trend. Iodine-131 was only pres- 
ent to any significant amount during the month 
of June 1965. 





Table 3. Radionuclide concentrations in Iowa milk 
January-March 1968 





Concentration 
(pCi/liter) 
Sampling 
location 
Cesium-137 





Feb | Mar 


Mar | Jan 


Iowa City 5 5 <10 <10 |} <10 
Des Moines... -- 7 5 <10 | <10 
Spencer. .-.-..... 5 8 <10 <10 
Charles City....| N/ N: N: N: f N: N: NA NA 











NA, no analysis. 


Recent coverage in Radiological Health Data 
Reports: 


Issue 


February 1968 
May 1968 


Period 


July-September 1967 
October—December 1967 


4. Michigan Milk Network 
January-March 1968 


Division of Occupational Health 
Michigan Department of Health 


The Michigan Department of Health began 
sampling pasteurized milk for radionuclide 
analyses in November 1962. Under this pro- 
gram, weekly pasteurized milk samples are 
collected in the seven major milk producing 
areas in the State: Charlevoix, Detroit, Grand 
Rapids, Lansing, Marquette, Monroe, and 
Saginaw (figure 8). Milkshed samples are 
composites of dairies in proportion to sales 
volumes. 

Strontium-90 concentrations are determined 
by an ion exchange method (5). Potassium— 
40, iodine-131, cesium-137, and _ barium- 
lanthanum-140 concentrations are determined 
by gamma-ray scintillation spectrometry (5). 

Table 4 presents the monthly average stable 
elements and radionuclide concentrations in 
Michigan pasteurized milk. Iodine—131 levels 
were less than the minimum detectable radio- 
activity(14 pCi/liter) for the period at all 
stations. Strontium—90 and cesium-137 con- 
centrations are presented graphically in figure 
9 to show general trends. 
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Figure 7. Radionuclide concentrations in Iowa milk 
1965-March 1968 














Figure 8. Michigan pasteurized milk network sampling 
locations 


Recent coverage in Radiological Health Data and 
Reports: 
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July-September 1967 
October-December 1967 


Issue 


February 1968 
May 1968 
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Table 4. Stable element and radionuclide concentrations 
in Michigan pasteurized milk, January-March 1968 





Strontium- 
90. 


Sampling Month Potassium ( 
location (g/liter) (pCi/liter) 


Cesium-137 
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Figure 9. Radionuclide concentrations in Michigan pasteurized milk, 1964-March 1968 
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5. Minnesota Milk Network 
January-March 1968 


Division of Environmental Health 
Minnesota Department of Health 


In September 1958, the Minnesota Depart- 
ment of Health initiated a pasteurized milk 
network to monitor strontium—90 concentra- 
tions. Monitoring of iodine-131 concentrations 
commenced in October 1961 and of cesium— 
137 concentrations in July 1963. Until re- 
cently, 1-liter samples were collected from 
eight sampling locations in milksheds geo- 
graphically the same as the Minnesota health 
districts (figure 10) and analyzed for stron- 
tium-90, iodine-131 and cesium—137. The size 
of the sample has been increased to 2 quarts for 
more accurate determinations. The 2-quart 


samples of processed Grade A fluid milk are 
collected in the cities where the Minnesota 
Health Department district offices are located. 
Strontium-90 concentrations are determined 
radiochemically, while iodine-131 and cesium— 
137 concentrations are determined by gamma- 
ray scintillation spectrometry. The analytical 


procedures are presented in the semiannual re- 


port of the Minnesota Department of Health 
and the Rural Cooperative Power Association 
(6). 

Strontium-—90, and cesium—137 concentrations 
in milk are given for January through March 
1968 in table 5, and are presented graphically 
by milkshed in figure 11 for the period 1961 
through March 1968. Iodine-131 concentra- 
tions were less than 10 pCi/liter in all 24 
samples. 


Table 5. Radionuclide concentrations in Minnesota 
pasteurized milk, January-March 1968 . 





Radionuclide concentration 
(pCi/liter) 





Sampling stations Strontium-90 Cesium-137 





Bemidji 
Mankato 
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Figure 10. Minnesota milk sampling locations 
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6. New York Milk Network 
January-March 1968 


Division of General Engineering and 
Radiological Health 
Department of Health, State of New York 


Pasteurized milk samples collected routinely 
from six cities (figure 12) are analyzed for 
strontium-89, strontium—90, iodine—131, cesi- 
um-137 and barium-—lanthanum-140 by the 
New York State Department of Health. At 
Buffalo and Newburgh, milk samples are col- 
lected daily from processing plants and com- 
posited weekly for radiochemical analyses. At 
Massena and Syracuse daily samples are com- 
posited over a two week period and then 
analyzed. In New York City, a milk sample 
representing the total milk supply for 1 day is 
analyzed weekly. The Albany sample, taken at 
a marketing point, is analyzed daily for iodine— 
131 and other gamma-ray emitting radio- 
nuclides before being composited into a weekly 
sample. In the event that any sample contains 
iodine-131 concentrations exceeding 100 pCi/ 
liter, increased surveillance is undertaken. 

Gamma-ray emitting radionuclides in milk are 
determined by scintillation spectrometry. Radio- 
iodine is selectively removed in an anion ex- 
change resin and the resin is analyzed for 
iodine-131 (7, 9). The resin effluent is analyzed 


and the resulting spectral data is resolved by 
the application of a matrix method of analysis 

(8). 

' The analytical procedure for determining 
strontium—89 and strontium-90 concentrations 
employs an ion-exchange system similar to that 
developed by Porter and Kahn (2). 

The concentrations of strontium-90 and 
cesium-—137 are shown in table 6 for January 
through March 1968. Cesium—137 and iodine— 
131 concentrations since September 1961 are 
presented graphically in figure 13. 


Table 6. Radionuclide concentrations in New York 
pasteurized milk, January-March 1968 


Radionuclide concentrations 
(pCi/liter) 


Sampling 
location 


Strontium-90 Cesium-137 


Number of 
samples 


Average Number of 


Average 
samples 





Albany 
Buffalo 
Massena _- 
Newburgh 
New York 
Syracuse ___ 





ND, nondetectable. Detectable limits for strontium-90 and cesium- 
137 are 3 pCi/liter and 20 pCi/liter, respectively. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


April-June 1967 
December 1967 


Issue 


November 1967 
May 1968 
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Figure 12. New York milk sampling locations 
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Figure 13. Radionuclide concentrations in New York milk, 1964—-March 1968 
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7. Pennsylvania Milk Network 
January-March 1968 


Bureau of Environmental Health 
Pennsylvania Department of Health 


Samples of pasteurized milk are routinely 
collected from six major milk consumption 
areas throughout Pennsylvania (figure 14). 
Samples are collected weekly in Pittsburgh, 
while biweekly composite samples are col- 
lected from the other five stations. At each 
sampling location, subsamples are collected 
from the major dairies supplying the area and 
are composited in proportion to the amount of 
milk processed by each dairy. This composite 
is then sent to the Radiation Laboratory of 
the Division of Occupational Health in Harris- 
burg where the samples are analyzed for iodine— 
131, potassium—40, and cesium-—137 and then 
composited for a monthly analysis of stron- 
tium-90. Strontium-—90 analyses have been 
carried out since Apri] 1963. 
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Figure 14. Pennsylvania pasteurized milk network 
sampling stations 


The monthly average potassium, strontium— 
90, and cesium-—137 concentrations in pasteur- 
ized milk are given in table 7. Iodine—131 levels 
were less than the minimum detectable radio- 
activity (10 pCi/liter) at all stations for this 
period. For comparative purposes, strontium— 
90, iodine-131, and cesium—137 concentrations 
are presented graphically in figure 15. 

The chemical separation technique for stron- 
tium-—90 is essentially an ion-exchange method 
described by Porter, et al. (1). 


Table 7. Radionuclide concentrations in Pennsylvania 
pasteurized milk, January-March 1968 


| 
Potassium | Strontium-90 
(g/liter) (pCi/liter) 


Cesium-137 

(pCi /liter) 
Sampling ea 
location 


SS Ses Se 
| Feb | Mar| Jan | Feb Mar | Jan 


Altoona __-...-.-}1 
Dauphin 1. 
Erie -|1.53 | 

1 

1 

1 


}1.65 | 
1 


Philadelphia - -__ 
Pittsburgh 
Yor 


8 (8s | 





Figure 15. Radionuclide concentrations in Pennsylvania 
milk, 1964—March 1968 


Recent coverage in Radiological Health Data and 


Reports: 
Period 


Issue 


July-September 1967 
October-December 1967 


February 1968 
May 1968 
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Food and Diet Surveillance 


Efforts are being made by various Federal 
and State agencies to estimate the dietary in- 
take of selected radionuclides on a continuing 
basis. These estimates, along with the guidance 
developed by the Federal Radiation Council, 
provide a basis for evaluating the significance 
of radioactivity in foods and diet. 


Program 


Period Reported 


Networks presently in operation and reported 
routinely include those listed below. These net- 
works provide data useful for developing esti- 
mates of nationwide dietary intakes of radio- 
nuclides. Programs most recently reported in 
Radiological Health Data and Reports and not 
covered in this issue are as follows: 


Last presented 





California Diet Study 
Connecticut Standard Diet 
Institutional Total Diet 


July—October 1967 
July—December 1967 
October—December 





May 1968 
May 1968 
July 1968 


and annual summary 


Tri-City Diet, HASL 


August 1968 


April—December 1967 


June 1968 








SECTION IL. 


The Public Health Service, the Federal Water 
Pollution Control Administration and other 
Federal, State, and local agencies operate ex- 
tensive -water quality sampling and analysis 
programs for surface, ground, and treated 
water. Most of these programs include deter- 
mination of gross beta and gross alpha radio- 
activity and specific radionuclides. 

Although the determination of the total 
radionuclide intake from all sources is of pri- 
mary importance, a measure of the public 
health importance of radioactivity levels in 
water can be obtained by comparison of the 
observed values with the Public Health Service 
Drinking Water Standards (1). These stand- 
ards, based on consideration of Federal Radia- 
tion Council (FRC) recommendations (2-4), set 
the limits for approval of a drinking water 
supply containing radium—226 and strontium— 
90 as 3 pCi/liter and 10 pCi/liter, respectively. 


Water sampling program 





WATER 


Limits may be set higher if the total intake of 
radioactivity from all sources remains within 
the guides recommended by FRC for control 
action. In the known absence’ of strontium—90 
and alpha-particle emitters, the limit is 1,000 
pCi/liter gross beta radioactivity, except when 
additional analysis indicates that concentra- 
tions of radionuclides are not likely to cause 
exposures greater than the limits indicated by 
the Radiation Protection Guides. Surveillance 
data from a number of Federal and State pro- 
grams are published periodically to show cur- 
rent and long-range trends. Water sampling 
activities recently reported in Radiological 
Health Data and Reports are listed below. 


' Absence is taken to mean a negligibly small fraction 
of the specific limits of 3 pCi/liter and 10 pCi/liter 
for unidentified alpha-particle emitters and strontium-— 
90, respectively. 


Period reported Last presented 








California 

Colorado River Basin 

Coast Guard 

Florida 

Minnesota 

New York 

Radiostrontium in Tap Water, HASL 


January—June 1967 
1965-1966 
January—December 1966 
1965-1966 
January—June 1967 
January—May 1967 
July—December 1967 


June 1968 
May 1968 
November 1967 
July 1968 
January 1968 
January 1968 
June 1968 


REFERENCE 
7 (3) FEDERAL RADIATION COUNCIL. Background 


(1) U.S. PUBLIC HEALTH SERVICE. Drinking 
water standards, revised 1962, PHS Publication No. 
956. Superintendent of Documents, U.S. Government 
a Office, Washington, D.C. 20402 (March 

-F 

(2) FEDERAL RADIATION COUNCIL. Radiation 
Protection Guidance for Federal Agencies. Memo- 
randum for the President, September 1961. Reprint 
from the Federal Register of September 26, 1961. 
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Gross Radioactivity in Surface Waters of the United States, February 1968 


Division of Pollution Surveillance 
Federal Water Pollution Control Administration 
Department of the Interior 


The monitoring of levels of radioactivity in 
surface waters of the United States was be- 
gun in 1957 as part of the Federal Water 
Pollution Control Administration’s Water Pol- 
lution Surveillance System. Table 1 presents 
the current preliminary results of the alpha 
and beta radioanalyses. The radioactivity as- 
sociated with dissolved solids provides a rough 
indication of the levels which would occur in 
treated water, since nearly all suspended 
matter is removed by treatment processes. 
Strontium-90 results are reported  semi- 
annually. The stations on each river are ar- 
ranged in the table according to their distance 
from the headwaters. Figure 1 indicates the 
average total beta radioactivity in suspended- 
plus dissolved solids in raw water collected at 


each station. A description of the sampling 
and analytical procedures was published in the 
August 1967 issue of Radiological Health Data 
and Reports. 

Complete data and exact sampling locations 
for 1958 through 1963 are published in annual 
compilations (1-6). Data for subsequent years 
are available on request. 

Special note is taken when the alpha radio- 
activity concentration is 15 pCi/liter or greater 
or when the beta radioactivity concentration 
is 150 pCi/liter or greater. These arbitrary 
levels provide a basis for the selection of cer- 
tain data for comment. They reflect no public 
health significance as the Public Health Serv- 
ice drinking water standards have already 
provided the basis for this assessment. Changes 









































Figure 1. Sampling locations and associated total beta radioactivity (pCi/liter) in 
surface waters, February 1968 
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from or toward these arbitrary levels are also 
noted in terms of changes in radioactivity per 
unit weight of solids. A discussion of gross 
radioactivity per gram of solids for all sta- 
tions of the Water Pollution Surveillance Sys- 
tem for 1961 through 1965 has been presented 
(7). Comments are made only on monthly 
average values. Occasional high values from 
single weekly samples may be absorbed into a 
relatively low average. When these values are 
significantly high, comment will be made. 
During February 1968, the following stations 

showed values in excess of 15 pCi/liter of 
alpha radioactivity for dissolved solids: 

Arkansas River; Coolidge, Kans. 

North Platte River; Henry, Nebr. 

South Platte River; Julesburg, Colo. 


During February 1968, Pasco, Wash., on the 
Columbia River decreased in average beta 


radioactivity to slightly less than 150 pCi/liter 
in dissolved solids. 
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Table 1. Radioactivity in raw surface waters, February 1968 





Average alpha 
radioactivity 
(pCi/liter) 


Average beta 
radioactivity 
(pCi/liter) 

Station 





Sus- Dis- 
pended | solved 


Total 


Animas River: 
Cedar Hill, N. Mex_- 
Arkansas River: 


Ponca City, Okla... 
Atchafalaya River: 

Morgan City, La. 
Bear River: 

Preston, Idaho- 
Big Horn River: 

Hardin, Mont 
~ Sioux River: 

ioux Falls, S. Dak - - 

Clearwater River: 

Lewiston, Idaho 
Clinch River: 

Clinton, Tenn 

Kingston, Tenn *_-_- 
Colorado River: 

Loma, Colo 


Connecticut River: 
Enfield Dam, Conn -_. 

Cumberland River: 
Cheatham Lock, 


Great Lakes: 
Duluth, Minn 
Green River: 
Dutch John, Utah--- 
Hudson River: 
Poughkeepsie, N. Y _- 0 
Illinois River: s 


1 
Klamath River: 
Keno, Ore 1 


























Average alpha 
radioactivity 
(pCi/liter) 


Average beta 
radioactivity 
(pCi/liter) 


Station 


Dis- | Total 
a - solved 








Mississippi River: 
St. Paul, Mi 
E. St. Louis, Ill 


Williston, N. Dak.- 

Bismarck, N. Dak - -- 

St. Joseph, Mo 
North Platte River: 


Ohio River: 
Cairo, Ill 

Pend Oreille River: 
a = Falls Dam, 


Platte River: 
Plattsmouth, Nebr--- 

Potomac River: 
Washington, D. C_-- 

Red River, North: 
Grand Fork ks, N 


Dak 
Rio Grande: 
SSS, a 
San Juan River: 
Shiprock, N. Mex_--- 
Savannah River: 
— Ww entworth, 


South Platte River: 
Julesburg, Colo 

Tennessee River: 
Chattanooga, Tenn _- 

Yellowstone River: 
Sidney, Mont 





Maximum 








Minimum 























* Gross beta radioactivity at this station may not be directly comparable to gross beta radioactivity at other stations because of the possible contribution 
of radionuclides from an upstream nuclear facility in addition to the contribution from fallout and naturally occurring radionuclides. 
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Radioactivity in Washington Surface Water, July 1966—June 1967 ' 


Washington State Department of Health 


Radioanalysis of surface water samples col- 
lected throughout the State of Washington is 
one of the major functions of the Washington 
State Department of Health radiation surveil- 
lance program. Most surface water samples 
are collected quarterly or semiannually by the 
Washington State Water Pollution Control 
Commission. Selected stations on the Columbia 
River are sampled weekly or monthly by local 
health departments. Cedar River, a major 
water supply for the greater Seattle area, is 
sampled monthly by the City of Seattle Water 
Department. 

All surface water samples are collected as 
grab samples in 2-liter polyethylene bottles. 
To prevent loss of radioactivity to the container, 
2 milliliters of concentrated nitric acid are 
added to the sample before shipment to the 
State laboratory in Seattle for analysis. 


Analytical procedures 


Surface water samples are divided into two 
groups: those samples coming from the Colum- 
bia River and those samples coming from 
waters other than the Columbia River. The 
latter samples are placed in stainless-steel 
Marinelli beakers for gamma-ray spectroscopy 
analysis as soon after receipt as possible. Dis- 
tilled water is added when necessary to obtain 
a standardized counting geometry of 2 liters. 
Table 1 gives the gamma-ray efficiencies and 
detection limits for the gamma-ray spectrom- 
eter. After gamma-ray analysis, the samples 


are filtered through Whatman No. 42 filter 
paper. The filter paper containing the sus- 
pended solids is ashed in a muffle furnace, 
transferred to a tared planchet, weighed, and 
counted for gross beta radioactivity. The fil- 
trate is evaporated to near dryness, quantita- 
tively transferred to a tared planchet, dried, 
weighed, and counted for gross beta radio- 
activity. 

Columbia River water is analyzed for gamma 
radioactivity approximately 14 days after 
collection. This delay allows the short-lived 
radionuclides, sodium—24, arsenic—76, and nep- 
tunium—239 to decay, leaving a less complex 
spectrum which can be evaluated without com- 
puter assistance. Following gamma radio- 
analysis, the Columbia River samples are divided 
into two aliquots for further analysis. One 
aliquot is prepared for phosphorus—32 analysis 
and the other is analyzed for gross beta radio- 
activity by the methods described above. Gross 
beta particle counting for all samples is per- 
formed 18 days after collection. 

The phosphorus—32 analysis, a modification 
of published methods (1-4), begins 15 days 
after sample collection to allow arsenic—76 and 
other short-lived radionuclides to decay. The 
phosphorus is separated from _ interfering 
nuclides by precipitation as ammonium phos- 


‘Summarized from “Environmental Radiation Sur- 
veillance Quarterly Reports and Fifth Annual Report, 
December 1966.” 


Table 1. Beta-particle and gamma-ray efficiencies and detectability limits for the 


Washington State analyses 





Radionuclide 


Energy band 
(MeV) 





Efficiency Average background 


Detectability limits 
(percent) cpm) (pCi) 





Strontium-90-yttrium-90 
Yttrium-90 


ESS ESSE EE Bas Er 
Ruthenium-106 
Cesium-137 





0.30-0 .36 
0.44-0.56 
0.62-0.72 
0.73-0.79 
1.05-1.17 














* Amount of radiation necessary to produce a net cpm equal to 2 sigma of background, based on 100 minute counts. _ 
>» Amount of radiation necessary to produce a net cpm equal to 4 sigma of the respective background, based on 100 minute counts. 
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phomolybdate from an acid medium. The pre- 
cipitate is washed with ammonium nitrate, 
dissolved with 3N ammonium hydroxide, trans- 
ferred to a tared planchet, dried, ashed at 450° 
C., and counted for beta radioactivity. 


Results 


Table 2 presents the monthly average results 
for seven Columbia River stations which are 
sampled routinely. In averaging, a less-than 
value is assumed to be equal to its numerical 
value and a less-than sign is placed in front 
of the average. 

Table 3 summarizes the beta radioactivity 
measurements from 35 other surface water 
stations from July 1966 through June 1967. 
The second column in this table gives code 
numbers and the abbreviations denoting geo- 
graphical sections (figure 1). Each river is 
assigned a four digit number; the first two 
digits indicate the river and the second two 
digits indicate the sampling stations on the 


a 
Yyyy—y 


NORTHWEST 
= (RNW) 





COASTAL PENINSULAR 
mo (RCP) 





PACIFIC 


river. For example, code number 04 refers to 
the Snake River in the area designated “RSE’”’, 
i.e., Southeast. The code number 01 refers to 
the first sampling station on that river. The 
third column gives the total number of samples 
analyzed. Gross beta radioactivity results are 
not extrapolated to the date of collection. 

Table 4 lists six samples which showed 
gamma radioactivity ranging from eight cpm/ 
liter to fourteen cpm/liter (the other 169 
samples were all less than five cpm/liter). The 
two samples collected on January 4 and January 
5, 1967 from the Puyallup River and the Snake 
River respectively showed definite fallout from 
the foreign nuclear detonation of December 
24, 1966. The other four samples showing 
detectable gamma radioactivity could not be 
attributed to any single event. 

The network summary gives the maximum 
and minimum values for the 175 samples 
analyzed, while the network average is obtained 
by averaging all the station average values. 
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Figure 1. Washington surface water sampling locations with code numbers 
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Table 2. Monthly average radioactivity in Columbia River water, July 1966-June 1967 





Concentration 
(pCi/liter) 





Location and type of analysis 








McNary Dam (code No. RSE 0102) 
Beta-particle 


Gamma-ray > 
Chromium-51 


Northport (code no. RNE 0601) 
Beta-particle 


Gamma-ray » 
Chromium-51 


Zirconium-95 
Zinc-65 


Richland (code no. RSE 0104) 
Beta-particle 


Pasco (code no. RSE 0101) 
Beta-particle 


Wanapum Dam (code no. RSC 1201) 
Beta-particle 

Suspended * 
Dissolved * 


Vancouver (code no. RSW 0102) 
ta-particle 
Suspended * 
Dissolved * 


Longview (code no. RSW 0904) 
Beta-particle 
Suspended * 












































* Activity at time of counting. Strontium-90-yttrium-90 calibration standard. 
> Results extrapolated to date of sample collection. 


© Net activity in the 0.44-0.56 MeV gamma- 


NS, no sample reported. 
NA, no analysis. 





range is assumed to be only ruthenium-106. 
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Table 3. Beta radioactivity in Washington surface water (except for Columbia River) 





July 1966-June 1967 








Concentrations 
(pCi/liter) 





Sampling location Code 


number 


Number 
of samples 





Cedar River 

Chico Creek 

Colville River 
Cowlitz River 
Dosewallips River 
Dungeness River --_- 


Ome ee RO OD 
A 


— 


Little Spokane River_-_- 


— 


ee i OO OD ee I BO 


Naselle River 
Nisqually River 
Nooksack River 
Okanogan River 
Pend Oreille River 
Puyallup River 
Quinault River. __ 
Sanpoil River. _ 
Satsop River --_-- 
Skagit River 
ELLE LE LILES: 


A AA A AAAAAAAAAAAAA_A 


_ 


Snohomish River 
Gb ciniaaictinscmainieceantel 


Sultan River 
Tolt River 


,_ oS eee aa 
Wishkah River 
Yakima River 


Stree mm OOo 
AAA_AAAAAA 





Average 


fe beet em eet pee tet tft ft IU tt CAD ttt Det tt tt ft tt ft ft tt 


Suspended 
Mini- 


mum 








Maxi- 


mum 


Maxi- | Average Mini- Maxi- 
mum mum 


mum 


| 
Average| Mini- 
| mum 


1 2 
5 7 


< <i 


a 


A 


AAAAAAAAAAAA 
A_A AA 
Ne Oe ee eee 
AAA_A 
eT 
NWWWN RK HH WH Www 
CHOW Wwe eww 





pRWOeK WEN WHK DH OWN HK DOW 


A_A — 
Ol me OR ND NO RON I ONIN eee Ort 


S 
A 


ons fu fed ud bd 
- A 

Ibe 

- 

t 


= 
NWNHOK ONS WADH 





KWON Nwwe NUtiee 





AAA_AAAA A 
pt bet tt CAD tat tt tt 

















175 


A 





| } 


A|AAA AAAA AAAAA 
09 | mm conto RD Com RORO = Cree 


| mee 


i; a7 
| 





* For averaging purposes, <1 is assumed to be equal to 0.5 pCi/liter. Averages less than 1 are recorded as <1. 


> One analysis voided, not included in average. 
Discussion 

Of the 175 river water samples analyzed from 
July 1966 through June 1967 (excluding the 
Columbia River) the total beta radioactivity 
ranged from 1 to 26 pCi/liter with an average 
of 3.0 pCi/liter. The radioactivity of the sus- 
pended fraction ranged from <1 to 17 pCi/ 
liter with an average of <1 pCi/liter. The 
radioactivity of the soluble fraction was ap- 
proximately the same, ranging from <1 to 
10 pCi/liter and averaging 1.8 pCi/liter. These 
network averages during the July 1966 through 
June 1967 period were lower than the aver- 
ages for the preceding 12 months. 

Monthly average total beta radioactivity for 
the Columbia River stations below the Hanford 
facility ranged from 5 to 308 pCi/liter. 
Monthly average concentrations of the beta- 
particle emitter, phosphorus—32, in the Colum- 
bia River water samples taken below the Han- 
ford facility ranged from <1 to 360 pCi/liter. 
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The gamma-ray emitters, ruthenium—106 and 
zirconium—95, were found in monthly average 
concentrations that ranged from <50 to 127 
pCi/liter for ruthenium-106 and <5 to <20 
pCi/liter for zirconium—95. The values for 
ruthenium-106 were probably a combination 
of ruthenium-103 and ruthenium-106. Two 
other radionuclides, chromium—51 and zinc—65, 
were found in detectable quantities in Columbia 
River water. Monthly averages for chromium— 
51 ranged from <100 to 8,458 pCi/liter, and 
for zinc—65 the range was <20 to 466 pCi/liter. 

Although any standards for gross beta radio- 
activity must be very carefully applied, the 
standard for drinking water is 1,000 pCi/liter 
of gross beta radioactivity in the absence of 
strontium-90 and alpha emitters (5). The 
standards for water from all dietary sources 
for the general population at large (6) are: 

chromium-51, 670,000 pCi/liter ; ruthenium- 
106, 3,300 pCi/liter; zinc—65, 10,000 pCi/liter; 
and phosphorus—32, 7,000 pCi/liter. 





Table 4. Gamma radioactivity in Washington 
surface water 





Date Location 


9/24/66 
1/4/67 
1/5/67 
4/23/67 
4/24/67 
5/22/67 


(epm/liter) 


Little Spokane River 
Puyallup River 
Snake River 

Pend Oreille River 
Cedar River 

Cedar River 











Recent coverage in Radiological Health Data and 
Reports: 
Period 


July 1964—-June 1965 
July 1965-June 1966 


Issue 


May 1966 
August 1967 


REFERENCES 

(1) KOLTHOFF and SANDELL. Textbook of Quan- 
titative Inorganic Analysis, Revised Edition. The 
MacMillian Company, New York, N.Y. (1949) pp. 
390-397; 713-717. 

(2) HILLEBRAND, W. F., G. LUNDELL. Applied 
Inorganic Analysis. John Wiley and Sons, Inc., New 
York, N.Y. (1953) pp. 694-710. 

(3) FURMAN, N. H. Scotts’ Standard Method of 
Analysis, 5th Edition, Vol. 1. Van Nostrand Com- 
pany, Inc., New York, N.Y. (1944) pp. 694-697. 

(4) HANFORD ATOMICS PRODUCTS OPERA- 

TIONS. Radiological chemical analysis: river analy- 
sis manual- ——— determination. Hanford 
Facility, Richland, Was 

(5) PUBLIC HEALTH SERVICE. Public Health 
Service drinking water standards, revised 1962, PHS 
Publication No. 956. Superintendent of Documents, 
U.S. Government Printing Office, Washington, D.C. 
20402 (August 1963). 

(6) INTERNATIONAL COMMISSION OF RADIO- 
LOGICAL PROTECTION. Report of Committee II 
on Permissible Dose for Internal Radiation. Per- 
gamon Press, New York, N.Y. (1959) 





Drinking Water Analysis Program, 1961-1966 ° 


Water Supply and Sea Resources Program 
National Center for Urban and Industrial 
Health and National Center for 
Radiological Health 


The routine surveiliance of finished drinking 
water from public drinking water supplies has 
been a project of the Public Health Service’s 
Water Supply and Sea Resources Program? 
since 1960. Since that time over three hundred 
community water supplies have been examined 
for selected parameters of radioactivity. The 
basic network for this activity is the approxi- 
mately 800 water supplies (serving over half 
of the nations population with access to public 
water systems) which provide water for use 
by Interstate Carrier Companies. These water 
supplies are subject to the provisions of Sub- 
part J of the Interstate Quarantine Regulation 
most commonly referred to as the Public Health 


*Summarized from “Drinking Water Quality of 
Selected Interstate Carrier Water Supplies, 1962-1963,” 
x S. Public Health Service, PHS Publication No. 1049- 


? Formerly Water Supply Section, Division of Envi- 
ronmental Engineering and Food Protection. 
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Service drinking water standards. The project 
for surveillance of the radioactivity levels has 
been incorporated into the normal survey ac- 
tivities associated with application of the drink- 
ing water standards. Laboratory support is 
provided by the Northeastern, Southeastern 
and Southwestern Radiological Health Labora- 
tories of the National Center for Radiological 
Health. Sampling has been conducted as a 
secondary part of the overall application of the 
standards and has not been by nationwide 
design. For the most part, samples have been 
composited over a fourteen day period taking 
90 milliliters, three times during the operating 
day; however, as indicated in table 1, many 
samples have also been taken at one point in 
time. In many cases where a water system 
receives raw water from more than one source 
the finished drinking water derived from each 
source has been examined. 


Radiological Health Data and Reports 





Table 1. Occurrence of radioactivity concentrations in finished drinking water (pCi/liter) 1961-1966 





Sampling location 





Birmingham 


Gadsden 
Mobile 


Wilmington 
Brandywine 


Washington 


Ft. Lauderdale 


Atlanta 


Columbus 


Savannah 


Rock Island 
Spri 


Indianapolis 
White River 
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Sampling periods 


10/4-10/18/61 
5/4-5/19/62 
10/4-10/18/61 
5/2-5/18/62 
9/25-10/10/61 
3/14-3/28/62 
11/16-12/2/61 
5/1-5/15/62 
5/30-6/13/61 
5/31-6/15/61 
6/7-6/22/61 
5/20-6/6/65 


4/5-4/18/65 
7/25-8/8/61 


6/8-6/21/61 


10/2-10/18/61 
7/18-8/4/61 


6/8-6/22/65 


9/24-9/28/66 
4/26-5/10/61 
12/5-12/18/62 
2/25-3/11/62 
9/15-9/30/66 


ee vanes 


2/13-3/1/61 
11/7-11/21/61 
9/11-9/24/62 
10/2-10/15/62 


11/18/66 
10/11-10/26/61 
10/11-10/28/61 


4/27-5/11/81 
9/19-10/9/62 
4/27-5/12/61 
9/19-10/3/62 


8/15-9/1/61 
3/13-3/29/62 


11/14-11/28/61 
1/10-1/28/63 
11/28-12/14/61 
8/2-8/16/62 
8/2-8/16/62 


5/19-6/2/66 
3/24-4/6/64 
2/16-3/13/61 
6/29-7/13/62 
2/15-3/2/61 
9/15-9/29/64 
7/11-7/26/61 
5/20-6/4/66 
2/14-2/28/61 
10/12-10/25/66 
10/20-11/3/64 
9/23-10/6/64 
1965 


6/28-7 /12/66 
9/26-11/8/65 
1964 


1965 
7/12-7/26/61 
5/4-5/18/65 
5/27-6/8/66 


6/16-6/30/61 


12/13-12/27 /66 
1/17-2/1/61 
5/16-5/30/62 





Strontium-90 
in total solids 


Alpha radioactivity 


Beta radioactivity 





Dissolved Suspended 


Dissolved 


Suspended 
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Table 


1. Continued. 





Sampling location 


Sampling periods 





Fall Creek 


Lafayette 
uncie 


Burlington 
Des Moines 


Lexington Main plant 


Lexington River station -- -- 


Louisville 
Paducah 
Alexandria 
Baton Rouge 


New Orleans 
Carrolton 


Bar Harbor 
Portland 


Searsport 


Baltimore 


Springfield 
Worchestor 


Ann Arbor 
Bay City 


Calumet 


Houghton 
Ishpeming 
Mackinac 
Monroe 
Muskegon 


Port Huron 


Wyandotte 
Ypsilanti 


Duluth 





Strontium-90 


Alpha radioactivity 





in total solids 


Dissolved Suspended 





1/17-2/1/61 
5/14-5/29/62 


1/18-2/1/61 
5/24-6/7 /62 
6/13-6/21/61 
8/6-8/20/62 
5/3-5/17/66 


1/4-1/18/62 
11/1-11/17/61 


11/2-11/20/61 


1/26-2/9/61 
1/23-2/7/61 
2/19-3/4/64 
2/19-3/4/64 
6/14-6/28/61 
11/2-11/17/66 
3/7-3/21/62 


8/8-8/21/61 
10/24-11/14/62 
8/9-8/31/61 
9/20-10/30/62 


11/6-11/20/62 
8/10-8/24/61 
8/17-8/25-61 
9/20-10/16/62 
8/7-8/25/61 
9/21-10/8/62 


5/15-5/29/64 
3/20-4/3/61 
10/10-10/24/62 
-7/7/66 
5/14-5/28/64 
3/15-3/29/65 


10/30-11/13/61 
6/13-6/26/6: 


10/9-10/25/61 
5/15-5/28/62 
5/14-5/29/62 


11/23-12/7 /64 
3/16-3/30/61 
2/5-2/18/63 
6/22-7/6/64 
4/14-4/28/65 
4/20-5/6/61 
9/10-10/3/62 
9/14-9/29/61 
4/4-4/20/62 


7/29-8/12/64 
8/3-8/17/64 
8/18-8/31/64 


8/19-9/2/64 
6/17-6/30/66 
6/20-7 /3/66 
6/16-6/30/66 


6/27-7/10/66 
4/19-5/3/61 


4/6-4/23/62 
4/21-5/5/61 


8/27-9/9/64 
7/21-8/11/61 


1/12-1/27/61 
10/25-11/9/62 
6/1-6/15/61 
2/15-3/2/61 
8/13-8/28/62 
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Beta radioactivity 


Dissolved 


Suspended 





° *. 
lin Gmooacoe 


~ A 


—e 


-_ . 
DOSBNID SOOSSS BWROSSH BOH-S SCBOWIWA®wW @ 


A 
WWW TOOSWL HWHNI0D Wkwhwnt 


A - 


~ 
Wak ww 


DwWOOam © SOOROOOWROBOSOSOSSSOS SOS SO*OS COSCO 








ooooe | 


AAAAA_ AAAAAA 


tas bas DEO RD EDOI EI COND md es mes oes es AC OEIC =m GORD §=COCDEICRERED mI GIGd GIGOKIGIGESS MMe 
bom & SocooSoooSoOOSS550O S55 SO50o SooSo SSooSS SoSoeSoS SoSSoS Sooo 


AAAA 


Table 1. Continued. 





Sampling location 





Atlantic City 


Elizabethtown Water Co- _- 


Trenton 
Wanaque 
Albuquerque 


Farmington 


Albany 
Buffalo 


, Ses 


Woodhaven Water Co 
Poughkeepsie 


Rochester 


White Plains 
Yonkers: 

Grassy Spring Supply 
Saw Mill Supply 


Charlotte 


Bismarck. ------- 
Grand Forks. 
Williston 


Akron 


Cleveland 
Columbus 


Wellsville 
Willard 
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Sampling periods 


Strontium-90 
in total solids 





1965 
1965 


10/24-11/8/61 
10/24-11/7/61 


5/1-5/13/61 


6/1-6/14/66 


7/15-7/29/64 
5/13-5/27/65 
9/4-9/18/64 
10/26-11/2/64 
10/23-11/6/64 
9/1-9/14/64 
10/2-10/16/61 
10/10-10/25/62 
1964 


6/6-6/21/61 
8/2-8/17/62 
8/6-8/21/62 
6/7-7/25/61 


9/27-10/5/61 
3/27-4/9/62 
9/29-10/13/61 
9/4-9/18/62 
5/10-5/21/65 
11/14-11/29/61 
10/24-11/8/61 
10/16-11/3/61 
10/30-11/14/61 
2/2-2/19/62 
9/12-9/26/61 


2/16-3/4/65 
9/17-10/1/63 
9/13-9/27/61 
8/29-9/12/62 
9/13-9/26/61 
8/30-9/13/62 
9/14-9/27/61 
8/30-9/15/62 
9/28-10/10/61 
3/22-4/5/62 
9/27-10/12/61 
4/11-4/28/62 
9/11-9/23/64 


11/5-12/15/64 
11/6-11/20/64 


3/30-4/14/61 
3/30-4/14/6) 
4/10-4/24/61 
3/22-4/5/62 
2/14-3/1/61 


7/18-8/5/61 
11/9-12/1/61 
8/29-9/13/61 


4/18-5/1/66 
1965 


4/18-5/2/66 
7/7-7 /20/64 
5/27-6/10/64 
3/16-3/30/61 
8/6-8/20/62 
5/10-5/24/65 
7/9-7 /23/65 


5/26-6/9/64 


9/26-10/13/66 
7/9-7/25/64 





lolllllel 


A 
- ww 


A 
ern _ 
lollleosslowllelllilllelel 


A AAA A 
-to -_ — ot pe 


waolose od 


A AA 


11 | 


A AAA A AA A 


= a 
loloesloleelllelll| 


A 
af x 
olol | 





Alpha radioactivity 


Beta radioactivity 
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Table 1. Continued. 





Beta radioactivity 


Sampling location Sampling periods Strontium-90 


in total solids 


Alpha radioactivity 





Suspended 


Dissolved Suspended Dissolved 
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Table 1. Continued. 





Sampling location 


Sampling periods 


Strontium-90 
in total solids 


Alpha radioactivity 


Beta radioactivity 





Dissolved Suspended 





Port Arthur 


Port Isabel 
San Angelo 


Burlington 
St. Albans 
Norfolk 


Portsmouth 
Richmond 


Spokane 
Huntington 


Pt. Pleasant 
Williamson 


Greenbay 


7/19-8/2/61 
6/14-6/18/62 
4/16-4/30/64 
4/25-5/9/61 
5/25-6/9/62 
2/21-3/10/61 
5/25-6/9/61 
5/30/6/14/62 
5/26-6/10/61 
5/29-6/13/62 
1/11-1/25/61 
12/11-12/29/62 
12/8-12/22/64 


5/15-5/29/61 


4/18-5/3/63 
7/26-8/10/61 


12/9-12/27/60 
6/7-6/22/62 
8/65 


8/65 
5/16-6/3/61 
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The drinking water standards for radio- 
nuclides are conservative in their requirements 
so that the total intake of these nuclides from 
all sources is not likely to result in an intake 
greater than the guidance levels given by the 
Federal Radiation Council (2). 

The standards provide for the approval of 
water supplies, based on their radionuclide 
content, when the water does not contain more 
than 3 pCi/liter of radium—226 or 10 pCi/liter 
of strontium-90. In the absence of strontium-— 
90 (much less than 10 pCi/liter), and in the 
absence of alpha emitters (much less than 3 
pCi/liter), the water supply is acceptable when 
the gross beta concentration does not exceed 
1,000 pCi/liter. 

However, a water supply may be approved 
when the limits prescribed above are exceeded 
if it can be demonstrated by surveillance that 
the total intake of radioactivity from all sources 
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is within the guidance recommended by the 
Federal Radiation Council for control action. 
When mixtures of radionuclides are present, 
the relative contribution of each radionuclide 
to the total intake of the individual should be 
considered when evaluating the exposure. 

Table 1 indicates all analytical determina- 
tions as reported by the examining laboratory. 
Table 2 is a summary of the five types of 
analysis listed in table 1. 


Table 2. Drinking water analysis program, 1961-1966 
summary of data 





Radioactivity Concentration range 
(pCi/liter) 
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SECTION fil. AIR AND DEPOSITION 


Radioactivity in Airborne Particulates and Precipitation 


Continuous surveillance of radioactivity in 
air and precipitation provides one of the earli- 
est indications of changes in environmental 
fission product radioactivity. To date, this sur- 
veillance has been confined chiefly to gross beta- 
radioanalysis. Although such data are insuffi- 
cient to assess total human radiation exposure 
from fallout, they can be used to determine 
when to modify monitoring in other phases of 
the environment. 

Surveillance data from a number of programs 
are published monthly and summarized periodi- 
cally to show current and long-range trends of 


Network 
HASL Fallout Network 
HASL 80th Meridian Network 


August 1968 


January—June 1967 
Calendar year 1965 


atmospheric radioactivity in the Western 
Hemisphere. These include data from activities 
of the U.S. Public Health Service, the Canadian 
Department of National Health and Welfare, 
the Mexican Commission of Nuclear Energy, 
and the Pan American Health Organization. 
An intercomparison of the above networks 
was performed by Lockhart and Patterson in 
1962 and is summarized in the January 1964 
issue of Radiological Health Data. In addition 
to those programs presented in this issue, the 
following programs were previously covered in 
Radiological Health Data and Reports. 


Period Issue 
March 1968 


January 1967 








1. Radiation Alert Network 
April 1968 


National Center for Radiological Health 
U.S. Public Health Service 


Surveillance of atmospheric radioactivity in 
the United States is conducted by the Radia- 
tion Alert Network (RAN) which regularly 
gathers samples at 73 locations distributed 
throughout the country (figure 1). Most of 
the stations are operated by State health de- 
partment personnel. 

The station operators perform “field esti- 
mates” on the airborne particulate samples 
at 5 hours after collection, when most of the 
radon daughter products have decayed, and 
at 29 hours after collection, when most of the 
thoron daughter products have decayed. They 


also perform field estimates on dried precipi- 
tation samples and report all results to appro- 
priate National Center for Radiological Health 
officials by mail or telephone, depending on 
levels found. Compilation of the daily field 
estimates is reported elsewhere on a monthly 
basis (1). A _ detailed description of the 
sampling and analytical procedures was pre- 
sented in the April 1968 issue of Radiological 
Health Data and Reports. 

Table 1 presents the monthly average gross 
beta radioactivity in surface air particulates 
and deposition by precipitation, as measured 
by the field estimate technique during April 
1968. Time profiles of gross beta radioactivity 
in air for eight Radiation Alert Network sta- 
tions are shown in figure 2. 

All field estimates reported were within 
normal limits for the reporting stations. 
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Figure 1. Radiation Alert Network sampling stations 
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Table 1. Gross beta radioactivity in surface air and precipitation, April 1968 





Precipitation 





Air surveillance Field estimation of dep 
Station location Number of gross beta radioactivity 
samples (pCi/m') 
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* The monthly average is calculated by weighting the field estimates of individual air samples with length of — period 
> No report received. (Air samples received without field estimate data are not considered by the data program 
© No precipitation samples collected. 


4 This station is part of the plutonium in precipitation network. No gross beta measurements are performed on the sample. 
¢ Samples were collected but no field estimates were reported. 
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Figure 2. Monthly and yearly profiles of beta radioactivity in Air—Radiation Alert 
Network, 1962—April 1968 
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2. Canadian Air and Precipitation Surface air and precipitation data for April 
Monitoring Program, April 1968' 1968 are presented in table 2. 


Radiation Protection Division Table 2. a gross beta radioactivity in surface air 
Department of National Health and Welfare and precipitation, Apel 1968 





Air surveillance 


The Radiation Protection Division of the rafiicactivity Precipitation 
Canadian Department of National Health and (pCi/m!) measurements 
Welfare monitors surface air and precipita- Station 
tion in connection with its Radioactive Fall- 
out Study Program. Twenty-four collection 
stations are located at airports (figure 3), 
where the sampling equipment is operated by 
personnel from the Meteorological Services 
Branch of the Department of Transport. De- 
tailed discussions of the sampling procedures, Pv. Willem 
methods of analysis, and interpretation of Goose Bay 
results of the radioactive fallout program are 
contained in reports of the Department of 
National Health and Welfare (2-6). 

A summary of the sampling procedures and 
methods of analysis was presented in the July 
1968 issue of Radiological Health Data and 
Reports. 
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‘Prepared from information and data in the May 
1968 monthly report “Data from Radiation Protection 
Program,” Canadian Department of National Health 
and Welfare, Ottawa, Canada. 
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Figure 3. Canadian air and precipitation sampling stations 
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3. Mexican Air Monitoring Program 
April 1968 
National Commission of Nuclear Energy 


The Radiation Surveillance Network of 
Mexico was established by the Comisién 
Nacional de Energia Nuclear (CNEN), México, 
D.F. From 1952 to 1961, the network was 
directed by the Institute of Physics of the 
University of Mexico, under contract to the 
CNEN. 

In 1961, the CNEN appointed its Division 
of Radiological Protection to establish a new 
Radiation Surveillance Network. In 1966, the 
Division of Radiological Protection was re- 
structured and its name changed to Direccién 
General de Seguridad Radiolégica (DRS). 
The network consists of 16 stations (figure 
4), 11 of which are located at airports and 
operated by airline personnel. The remain- 
ing five stations are located at México, D.F.; 
Mérida; Veracruz; San Luis Potosi; and 
Ensenada. Staff members of the DRS oper- 
ate the station at México, D.F., while the other 
four stations are manned by members of the 
Centro de Previsién del Golfo de México, the 
Chemistry Department of the University of 
Mérida, the Institute de Zonas Desérticas of 
the University of San Luis Potosi, and the 


Escuela Superior de Ciencias Marinas of the 
University of Baja California, respectively. 
Sampling 


The sampling procedure involves drawing 
air through a high-efficiency 6 by 9-inch glass- 
fiber filter for 20 hours a day, 3 or 4 days a 
week at the rate of 1,000 cubic meters per day 
using high volume samplers. 

After each 20 hour sampling period, the 
filter is removed and shipped via airmail to 
the Seccién de Radioactividad Ambiental, 


Table 4. Mexican gross beta radioactivity in airborne 
particulates, April 1968 





Gross beta radioactivity 
(pCi/m') 
Station Number 


of samples 





Maximum | Minimum 


Average 





st § eee 
Nuevo Laredo 

















NS, no sample, temporarily shut down. 
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Figure 4. Fallout network sampling stations in Mexico 
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CNEN, in México, D.F., for assay of gross 
beta radioactivity, allowing a minimum of 3 
or 4 days after collection for the decay of 
radon and thoron daughters. The data are not 
extrapolated to the time of collection. Statisti- 
cally, it has been found that a minimum of 


five samples per month were needed to get a 
reliable average radioactivity at each station 
(7). 

The maximum, minimum, and average beta 
radioactivity in surface air during April 1968 
are presented in table 4. 





4. Pan American Air Sampling Program 
April 1968 


Pan American Health Organization and 
U.S. Public Health Service 


Gross beta radioactivity in air is monitored 
by countries in the Americas under the 
auspices of the collaborative program devel- 
oped by the Pan American Health Organiza- 
tion (PAHO) and the U.S. Public Health 
Service (PHS) to assist PAHO-member 
countries in developing radiological health 
programs. 

The air sampling locations are shown in 
figure 5. Analytical techniques were described 
in the January 1968 Radiological Health Data 
and Reports. The April 1968 air monitoring 
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Figure 5. Pan American Air Sampling Program stations 
August 1968 


results from the participating countries are 
given in table 5. 


Table 5. Gross beta radioactivity in Pan American 
surface air, April 1968 





Gross beta radioactivity 
(pCi/m*) 


Station location 





Average * 





mtina: Buenos Aires 


Jamaica: 
Peru: 
Venezuela: 
West 
Indies: 





Summary 0.48 ¢ 0.07 

















_* The monthly average is calculated by weighting the individual samples 
with length of sampling period. Values of less than 0.005 pCi/m* are 
reported and used in averaging as 0.00 pCi/m’. 
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SECTION IV. OTHER DATA 


This section presents results from routine 


sampling of biological materials and other 


media not reported in the previous sections. 
Included here are such data as those obtained 


from human bone sampling, bovine thyroid 
sampling. Alaskan surveillance and environ- 
mental monitoring around nuclear facilities. 





Iodine-—131 in Bovine Thyroids, January-March 1968 


National Center for Radiological Health 
Public Health Service 


The National Center for Radivlogical Health 
established a bovine thyroid network in Octo- 
ber 1964 (1). Specimens are collected by the 
Livestock Slaughter Inspection Division, U.S. 
Department of Agriculture, and are analyzed 
by gamma-ray spectroscopy for iodine-131 
content at the Northeastern Radiological 
Health Laboratory, Winchester, Mass. 

The network consists of collection areas 
(counties shaded in figure 1) located so as to 
cover, as nearly as possible, areas near major 
nuclear test sites. Details of sampling and 
analyses have been published earlier (1). 


The results for January through March 1968 
appear in table 1 and are listed chronologi- 
cally within each State. Moderate elevations 
in radioactivity were found in 8 States during 
parts of January and February. The most active 
sample analyzed was collected in Brule 
County, South Dakota on January 24th and 
contained 83 pCi iodine—131/g thyroid. 


REFERENCE 


(1) BARATTA, E. J., E. R. WILLIAMS, and G. 
MURRAY. Iodine-131 in bovine thyroids, October- 
December 1964. Radiol Health Data 6:569-571 
(October 1965). 
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Figure 1. Counties sampled in bovine thyroid network, January-March 1968 
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Table 1. Iodine-131 in bovine thyroids, January-March 1968 





pCi iodine-131/g thyroid 
Date(s) of County Number of 


ughter samples 





Average or Minimum Maximum 
concentration 





1/5 i ND ND 
0 


1/1 
* 1/19-3/28 | Maricopa (18) ¢ 
Santa Cruz (2) 


1/4-3/29 | Fresno (1) © 
Kings (1) 


2/6 


2/20 


WWWHWHWNAL WS WON Wh td 
dad - 


w 


2/28 
2/29 


@wrr 


3/7-3/27 


w 


Forsyth (2) 
Glascock (2) 
McDuffie (3) 
Screven (6) 


Ada (2) © 
Canyon (4) 


— tt tt et 


8 » 


Cleveland 
Cleveland 


tor 


tt tt et tt 


Oregon 


South Carolina 


~ 
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See footnotes at end of table. 
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pCi iodine-131/g thyroid 
Date(s) of County Number of |__. _— 
slaughter samples 


Average or Minimum Maximum 
concentration 








South Dakota ND 


ND 


Tripp 
Minnehaha 


e 
Charles Mix 
Minnehaha 


wt OD CO DD GO Ce ee OO BO OF 


Tennessee 


eee) ett) 


CO me DO CO 


Anderson (1) ¢ 
Blount (5) 
Cumberland (2) 
Grainger (1) 
Jefferson (1) 
Knox (9) 
Roane (3) 
Sevier (1) 


te 


Hopkins 


Franklin ¢ 


Walla Walla 


Dane (14) ¢ 
Green (2) 
Rock (24) 
Sauk (5) 























* Samples were not collected on all dates during this period, but the interval includes several sampling dates. - 
> The results for this period were for the most part not detectable. Some randomly scattered positive results were obtained; but these represented 
barely detectable amounts of iodine-131 in the bovine thyroid (2 to 5 pCi/g). 


© Numbers in parentheses represent the number of samples collected from that county during the interval indicated. These may have been collected 
over several dates or om only one date. 
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Environmental Levels of Radioactivity at Atomic Energy Commission 


Installations 


The U.S. Atomic Energy Commission receives 
from its contractors semiannual reports on the 
environmental levels of radioactivity in the 
vicinity of major AEC installations. The re- 
ports include data from routine monitoring pro- 
grams where operations are of such a nature 
that plant environmental surveys are required. 

Releases of radioactive materials from AEC 
installations are governed by radiation stand- 
ards set forth by AEC’s Division of Operational 


Safety in directives published in the AEC 
Manual.' 

Summaries of data from the environmental 
radioactivity monitoring reports follow for the 
Argonne National Laboratory and Feed Ma- 
terials Production Facility. 


* Title 10, Code of Federal Regulations, Part 20, 
“Standards for Protection Against Radiation,” con- 
tains essentially the standards published in Chapter 
0524 of the AEC Manual. 





1. Argonne National Laboratory 
July-December 1967’ 


University of Chicago 
Lemont, Illinois 


The radioactivity of the environment is deter- 
mined on a continuing basis by measuring the 
radioactivity in naturally-occurring materials 
collected both on and off the Argonne National 
Laboratory site. Since radioactivity is usually 
spread by air and water, the environmental 
monitoring program at Argonne has concen- 
trated on these materials. The sampling loca- 
tions discussed in this report are shown in 
figures 1 and 2. 


Air monitoring 


Air-filter samples were collected continu- 
ously at seven locations on the Argonne site 
and at five locations off the site. The alpha and 
beta radioactivity in air-filter samples are sum- 
marized in table 1. The alpha radioactivity 
concentrations were normal both on and off the 
site and in the range found in previous years. 
The beta radioactivity was presumed to result 
from fission and neutron-activation products 


* Summarized from “Environmental Radioactivity at 


Argonne National Laboratory, July-December and 


— Summary 1967,” University of Chicago, Lemont, 


August 1968 


from nuclear detonations. The decrease in 
beta radioactivity during the year was due to 
the disappearance from the atmosphere of the 
shorter-lived fission products, such as barium- 
lanthanum-140, cerium-141, iodine-131, and 
zirconium—niobium-95. The latter pair of radio- 
nuclides reappeared during the last 4 months 
of the year, concentrated in a few discrete 
particles on each filter paper sample in which 
it was present in above normal amounts. This 
behavior is attributed to insoluble particulate 
fallout from the stratosphere. The average beta 
radioactivity for the year, 0.11 pCi/m*, was 
0.04 pCi/m? less than during 1966. The simi- 
larity between alpha, beta, and fission product 
activities on and off the site indicates that 
Argonne did not add significantly to the par- 
ticulate airborne activity of the environment. 
Significant releases by Argonne would have 
been detected in the form of an increase in the 
onsite activity over the offsite activity. 
Sampling on charcoal, specifically for gaseous 
radioiodine was conducted continuously on the 
site. Iodine-131, released from building 330, 
was detected beginning September 20 at a 
maximum concentration of 0.3 pCi/m', or 0.3 
percent of the AEC standards. This activity 
diminished to 0.1 pCi/m* one week later, and 
remained at that level for several weeks. De- 
tectable surface deposition of radioiodine from 
this release was confined to 100 yards of the 
building. None was detected off the site. 
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Figure 2. Site location of Argonne National 
Laboratory (including some offsite sampling stations) 
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Table 1. Alpha and beta radioactivity in air-filter samples, Argonne National Laboratory,* 


July-Decem 


r and annual summary 1967 





Location 


Alpha radioactivity 
(pCi/m*) Beta radioactivity 
multiply by 10 (pCi/m'") 





Minimum Maximum Average Minimum Maximum 








July-December 


Ww 





A inual summary 














1. 
1. 

















® These results were obtained by measuring the samples 4 days after they were collected in order to avoid counting the natural! radioactivity due to radon 


and thoron decay products. 


Water monitoring 

Argonne wastewater is discharged into Saw- 
mill Creek, a stream that runs through the 
Argonne grounds and enters the Des Plaines 
River about 500 yards downstream from the 
wastewater discharge. Sawmill Creek was 
sampled above and below the discharge to 
evaluate the effect of the wastewater on the 
radioactivity in the creek. The sampling loca- 
tions are shown in figure 2. 

Below the wastewater outfall the creek was 
usually sampled three times weekly. Since it 
was impractical to analyze all the samples for 
all the nuclides and elements desired, equal 
portions of the three samples collected each 
week were combined and analyzed. The results 
obtained in this way represent the average 


concentrations in the weekly samples. Above 
the site, samples were collected at weekly inter- 
vals, and at least one sample each month was 
analyzed for each radioactive nuclide of in- 
terest. The total alpha and beta radioactivities 
found in Sawmill Creek during the second half 
of 1967 are given in table 2. 

The alpha-particle emitters most likely to be 
present in Argonne wastewater are isotopes 
of uranium, plutonium, and thorium. The alpha 
radioactivity in the creek water due to these 
elements are summarized in table 3. The aver- 
age uranium concentrations below the outfall 
was about 20 percent higher than during 1966 
while the plutonium and thorium concentra- 
tions this year averaged less than the minimum 
detectable amount. 


Table 2. Non-volatile alpha and beta radioactivity in Sawmill Creek water, Argonne 
National Laboratory, July-December and annual summary 1967 





Location * 


Alpha radioactivity 


Beta radioactivity 
(pCi/liter) 


(pCi/liter) 





Average 


Mini- 
mum 


Maxi- 
mum 





i=) 





Annual summary --_- 
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* Relative sampling location with respect to Argonne wastewater outfall (figure 1). 
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Table 3. Alpha-emitting elements in Sawmill Creek water 
Argonne National Laboratory, July-December 1967 





Concentration 
(pCi/liter) Average as 
Num- a@ percent 
ber of of AEC 
samples | Aver- | Min- standard 
age 





Element Location * 





Uranium....| Upstream --. a4 0.005 

Downstream 1. J J .004 
Plutonium...| Upstream - --. é a 
Downstream - d 0. .16 -001 
Thorium _...| Upstream... _—. 
Downstream. ee <.003 























® Relative sampling location with respect to Argonne wastewater outfall 
(figure 1). 


Table 4. Average radioactivity in Des Plaines and Illinois 
River water, Argonne National Laboratory, 
July-December 1967 





Concentration 
(pCi/liter) 
Location 





Non-volative alpha 


Non-volative beta 
radioactivity 


radioactivity 





Des Plaines River * 

(above Sawmill Creek) - - - 
Des Plaines River » 

(below Sawmill Creek) - -- 
Illinois River ¢ 











* Sampled near Route 45, upstream from the mouth of Sawmill Creek. 

> Sampled near Lemont, downstream from the mouth of Sawmill Creek. 

¢ Sampled at McKinley Woods State Park, Starved Rock State Park, and 
Morris, on October 18, 1967. 


In addition to the natural beta radioactivity 
in the creek, beta radioactivity from fallout was 
detected at both sampling locations and beta 
radioactivity from Argonne wastewater was 
found in some samples below the outfall. The 
natural beta radioactivity is approximately 5 
pCi/liter above the site and 3 pCi/liter below 
the site. The Argonne contribution to the total 
beta radioactivity below the outfall during the 
second half of 1967 is estimated to be approxi- 
mately 10 pCi/liter, about one-fourth of the 
1966 value. 

Since Sawmill Creek empties into the Des 
Plaines River, which in turn flows into the 
Illinois River, the radioactivity in the latter two 
streams is important in assessing the contribu- 
tion of Argonne wastewater to the environ- 
mental radioactivity. The Des Plaines River 
was sampled monthly above, and weekly below, 
the mouth of Sawmill Creek to determine if the 
radioactivity in the creek had any effect on 
the radioactivity in the river. The total radio- 
activity is summarized in table 4. The average 
concentrations were very similar at both loca- 
tions, indicating that Sawmill Creek water had 
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no significant effect on the radioactivity in the 
river. The alpha and beta radioactivities were 
not significantly different from the 1966 aver- 
ages. The natural beta radioactivity in the 
river is 5 to 10 pCi/liter, and the additional 
radioactivity, about 7 pCi/liter on the average 
was due to fallout. 

The Illinois River was sampled at McKinley 
Woods, Morris and Starved Rock State Park 
on October 18. The total radioactivity in 
these samples were similar to those found in 
other bodies of water in the area and to the 
radioactivity found previously at these same 
locations. No radioactivity originating at 
Argonne was detected in the Des Plaines or 
Illinois Rivers. 


Radioactivity in milk 


Raw milk was collected monthly from a local 
dairy farm and analyzed for several fission 
products. Barium-140, strontium-89, and 
iodine-131 were not present in concentrations 
greater than the minimum detectable amounts 
of 20 pCi/liter for iodine-131 and 3 pCi/liter 
for the other two nuclides. The cesium-137 
and strontium-90 concentrations are given in 
table 5. These two nuclides are long-lived 
fission products from past nuclear tests and 
their presence in milk is not related to Argonne 
operations. The strontium-90 concentrations 
averaged approximately 1.5 pCi/liter less than 
during 1966, while the cesium-137 content was 
about 40 pCi/liter higher than the 1966 average. 


Table 5. Fission product concentrations in milk 
July-December 1967 





Concentrations 
(pCi /liter) 
Collection date 1967 





Cesium-137 Strontium-90 

















Recent coverage in Radiological Health Data and 
Reports: 


Period 


July-December and 
annual summary 
January—June 1967 


Issue 


September 1967 
March 1968 
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2. Feed Materials Production Center 
July-December 1967’ 


National Lead Company 
Fernald, Ohio 


The Feed Materials Production Center 
(FMPC) is operated by the National Lead 
Company of Ohio for the AEC. The location 
as related to populated areas is shown in figure 
3. Cincinnati and Hamilton, the larger nearby 
communities, are situated 20 and 10 miles from 
the center, respectively. Operations at this 
project deal with the processing of high-grade 
uranium ores and ore concentrates to produce 
metallic uranium and with fabricating the metal 
into fuel elements. 

During the many involved reactions and 
processes that lead to the production of re- 
actor fuels, various liquid and airborne wastes 
are generated. These wastes contain varying 
quantities of uranium. Various in-plant methods 
are used to curtail their release into the en- 
vironment surrounding the plant. Almost com- 
plete removal of the materials is accomplished 
by using dust collectors and waste treatment 
processes. In order to determine what concen- 
trations reach the area surrounding the project 
an environmental survey program has been 
established which consists of wastewater, soil, 
and air sampling of the environs and perform- 
ing those analyses on the samples that are in- 
dicative of material released from the plants. 

Onsite air samples are obtained from four 
permanent perimeter air sampling stations, 
located at the four corners of the production 
area as shown in figure 4. Samples from these 
perimeter stations are collected once each week 
and analyzed for uranium and total radio- 
activity. Offsite samples are collected by a 
mobile air sampling unit. The location at which 
samples are collected is determined by local 
meteorological conditions on the day of sam- 
pling.‘ Approximately 20 percent of all samples 
are taken upwind of the FMPC plant. Replicate 
samples are taken at each sampling point and 


*Summarized from “Feed Materials Production 
Center Environmental Monitoring Semiannual Report 
for the Second Half of 1967, Summary Report for 
1967,” (NLCO-1013). 
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Figure 3. Area map of Feed Materials Production Center 


averaged to obtain a representative concentra- 
tion for that location. Concentrations of ura- 
nium and total radioactivity of airborne par- 
ticulates sampled at onsite and offsite locations 
are given in table 6. 
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Figure 4. Air and water sampling stations, FMPC 
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Water monitoring 


Each of the individual production plants on 
the project has collection sumps and treatment 
equipment to remove the uranium from the 
process waste water. The effluent from the 
plants are collected at a general sump for 
equalization and settling. The clear water from 
the sump is pumped to the river. The solid 
portion is pumped to a chemical waste pit for 
further settling. The flow, which is decanted 
to the clear well portion of the pit, is virtually 
free of solids and radioactivity. The effluent 
from the sump and clear well are combined 
with waste water from the FMPC water treat- 
ment plant, sanitary sewage treatment plant, 
and storm sewerage system and discharged 


via a common effluent outfall into the Great 
Miami River. A weir-type water sampler col- 
lects samples of the combined effluent stream, 
which are removed and analyzed daily. These 
results are utilized with measurements of river 
flow in calculating the radioactive contaminant 
concentrations added to the river. Weekly spot 
samples are also obtained upstream and down- 
stream from the common FMPC effluent at 
locations shown in figure 4. The results of 
the FMPC water monitoring program for July- 
December 1967 are summarized in table 7. 


Recent coverage in Radiological Health Data and 
Reports: 
Period 


July-December 1966 
January—June 1967 


Issue 


August 1967 
March 1968 


Table 6. Radioactivity levels of airborne particulates, Feed Materials Production 
Center, July-December 1967 





Location Number 


Uranium concentration * 
(pCi/m') 


Total radioactivity » 
(pCi/m') 





of samples 
Maximum 


Minimum 


Average | Maximum| Minimum | Average 





Onsite: 


Offsite: 
0-2 miles from FMPC 
2-4 miles from FMPC 
4-8 miles from FMPC 
8-12 miles from FMPC_- - - - 
All offsite samples 














o 
So 


AAAAA 
AAAAA 


AAAAA 

















SA diati tection standard-2 pCi/m*. 
b AEC radiation protection standard- 160 pCi/m!. 





Table 7. Radioactivity in the Great Miami River, Feed Materials Production Center 
July-December 1967 





Location Number 


Uranium concentration * 
i/liter) 


Total saienstntty b 
(pCi/liter) 





of samples 


Average High Average 





Sewer outfall 184 
Upstream from outfall 25 
Downstream from outfall _-- -- 29 








<10 170 160 
7 210 30 
10 90 40 

















* AEC radiation protection standard-20,000 pCi/liter. 
> AEC radiation protection standard-3,000 pCi/liter. 
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Reported Nuclear Detonations, July 1968 


The U.S. Atomic Energy Commission an- 
nounced that the United States recorded seismic 
signals originating north of the Caspian Sea on 
July 1, 1968. The signals were equivalent to 
those of a nuclear test in the low-intermediate 
range (20-200 kilotons TNT equivalent). 
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Announcement was also made by the U.S. 
Atomic Energy Commission that a nuclear test 
of low-intermediate yield (20 to 200 kilotons 
TNT equivalent) was conducted underground 
at its Nevada Test Site on July 30, 1968. 
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